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SUMMARY 


A study of the paragenesis of certain pegmatites in central 
Maine has caused the writer to advance the following ideas which 
differ somewhat from those usually held on the subject. The 
essential features of his thesis are: 

A. Mineralization of the pegmatites was accomplished in succes- 
sive stages. The minerals deposited during each stage compose 
a distinct group or class. 

I. During the first stage alone there was a mass crystallization 
from the liquid phase. The typical minerals of this class are potash 
feldspar (usually microcline), quartz, muscovite, biotite, black 
tourmaline, beryl, garnet, arsenopyrite, and manganapatite. 

II. This was followed at every deposit studied by a high temper- 
ature hydrothermal phase. The volatile constituents of the magma, 
which played a rather minor part in the first stage, now become of 
supreme importance. During the crystallization of successively 
lower portions of the magma the ‘“‘mineralizers”’ are expelled and 
work upward, depositing new minerals as they do so. While the 
magma at hand and at slight depth was crystallizing high tempera- 
ture conditions prevailed, and the first class of hydrothermal 
minerals resulted. Typical minerals of this period are: quartz 
(usually in crystals), cleavelandite, lepidolite, lithia tourmaline, 
columbite, cassiterite, spodumene, and etched or pocket beryl. 

III. At Buckfield, and to a very minor degree at Mount Mica 
and Auburn, an intermediate phase followed during which rare 
lithium-manganese phosphates were deposited by the ascending 
solutions. Typical products of this phase are: amblygonite, 
lithiophilite or triphylite, rhodochrosite, eosphorite or childrenite, 
fairfieldite, and reddingite. 


* Presented as part of the requirement for the degree of Doctor of Philosophy 
in the Division of Geology at Harvard University. 
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IV. A final hydrothermal phase which was very well developed 
at Buckfield, Greenwood and parts of Auburn resulted in the 
deposition of large amounts of cookeite and quartz. At Greenwood 
and Auburn purple apatite crystals were also formed in abundance. 
Typical minerals are quartz, cookeite, and apatite. 

V. Ground water alteration of material already present pro- 
duced the last class of minerals. The minerals of this type are 
mainly kaolin and montmorillonite. Locally manganese oxides, 
dahllite, and francolite were formed. 

B. The pockets of the Maine pegmatites are largely secondary, 
produced by dissolving activity of the same ascending solutions 
which deposited the rare minerals of the second and later classes. 


INTRODUCTION 


The granite pegmatites of central Maine have been described 
in some detail by Bastin.! The present paper presents the results 
of a more detailed investigation of two recently opened deposits 
and some additional facts concerning some of the better known 
localities. 

Recent feldspar quarrying operations at Buckfield, in Oxford 
County, have uncovered a remarkable suite of minerals. Detailed 
study of some two hundred specimens from this locality now in 
the Harvard mineralogical laboratories has resulted in the identi- 
fication of over thirty minerals, a half dozen of which appear in 
but one or two other localities. This intensive study, coupled 
with observations in the field, developed the thesis that the 
minerals were by no means products of one period of crystallization 
but group naturally into five classes. Although the result of a 
practically continuous process the classes differ from each other 
in chemical, physical, and mineralogical character. Only one 
class, the first, solidified as a magma. The minerals of the main 
pegmatite, mostly microcline and quartz, belong here. The next 
three classes represent successive waves of hydrothermal activity 
from the slowly cooling igneous mass beneath. The solutions were 
replacive, dissolving the old and depositing the new. At times 
the former process exceeded the latter, and open spaces or pockets 
were left, usually lined by drusy crystals. A gradual change in the 


’ Bastin, E. S. Geology of the pegmatites and associated rocks of Maine. 
U. S. Gecl. Surv, Bull. 445, 1911. 
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character of the solutions produced a sequence of minerals within 
a class. A more radical change resulted in the initiation of a new 
class. 

The first of these hydrothermal groups, Class II, is characterized 
by cleavelandite, low temperature quartz crystals, transparent 
tourmalines, and many other minerals. Here we find most of the 
“pocket”’ minerals prized by the collector. 

Class III is a rare phase, present to any great extent only at 
Buckfield, Maine, and Branchville, Connecticut. The unusual 
phosphates lithiophilite, eosphorite, fairfieldite, and reddingite 
belong here. 

The Class IV minerals, chiefly cookeite, quartz, and apatite, 
are distinctly the result of a relatively late but active mineraliza- 
tion. This phase is developed to a considerable extent in several 
of the central Maine pegmatites. 

In Class V are placed the supergene alteration products of 
the minerals in the preceding classes. 

Several mineral species appear in more than one class. But when 
this is true differences in either habit or physical, chemical, and 
optical properties are found and the mineral may usually be 
placed as definitely as though different species were involved. 
With beryl and apatite these differences are indeed striking. 

This, briefly, is the thesis advanced in the following pages. The 
locality used for illustration is Buckfield, for many reasons. The 
collections from here are most complete. The range of minerals is 
large. The presence of one more class than usual, containing the 
rare phosphates, makes the deposit of interest. Furthermore, 
recent quarrying operations have made the interior of the pegmatite 
accessible for field study. The locality is a new one, practically 
undescribed in print.’ 

Briefer descriptions of parallel deposits follow. Greenwood, 
although completely lacking the minerals of Class III, illustrates 
the other classes well. The control of structure on the ascending 
solutions is better shown here than at Buckfield. Mount Mica and 
Auburn, two old and famous mineral producers, are likewise 
briefly considered from the standpoint of paragenesis. 


2 A very brief preliminary report on this deposit by Dr. Charles Palache was 
published in the March, 1924, American Mineralogist. 
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Fic. 1. Southwestern Maine showing location of pegmatite bodies described 


in this report. 


LocATION 


A map showing the approximate location of the pegmatites 
discussed is given on Plate I. The village of Buckfield is on the 
Rangeley division of the Main Central Railroad. A dirt road 
runs to the eastward to Paris Hill and South Paris, the latter 
a town on the main line of the Grand Trunk. The Buckfield 
pegmatite is on this road four miles from Buckfield village, and 
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seven miles from South Paris. A private road at Bennett’s farm 
runs north from the main road three fifths of a mile to the deposit, 
which caps a rounded, glaciated hill. The pegmatite body has 
been opened up on the west flank of the hill by quarrying opera- 
tions of the Maine Feldspar Company. 

The Greenwood deposit is located on the southwest side of 
Noyes Mountain in the town of Greenwood, two miles south of the 
village of that name, and eleven miles north of Norway. A trail 
leaves the Norway-Greenwood road at the crossroads near the 
foot of the mountain and climbs up 350 feet to the pegmatite. 
An old producer of mineral specimens, this deposit was reopened 
in the summer of 1923 by the Harvard University Mineralogical 
Department. The operations of that summer lowered the floor 
of the quarry some fifteen feet and drove the breast back about 
ten feet. The quarry is now idle. 


FIELD AND LABORATORY WORK 


Active quarrying for feldspar has been going on at the Buckfield 
quarry since the summer of 1923 and the writer made frequent 
visits there during the summer and the following spring. In the 
late summer of 1923 Professors Palache and Larsen visited the 
quarry just after a large pocket had been revealed and they made 
an extensive collection. Mr. W. D. Nevel of Andover, Maine, also 
kept a close watch on the quarrying operations and most of his 
collections were acquired by the Harvard Museum. All of this 
material has been available for study. 

Operations at Noyes Mountain were begun many years ago by 
Mr. George L. Noyes of Norway, Maine. The minerals he collected 
were largely preserved and passed into the possession of the 
Harvard Museum, together with the lease of the property, in 1917. 
In the summer of 1923 active quarrying was undertaken by the 
Harvard Mineralogical Department under the supervision of the 
writer. Loren B. Merrill of Paris, Maine, did most of the actual 
work of excavation, and gave to it the invaluable experience 
gained from a lifelong familiarity with similar deposits at Mt. Mica 
and elsewhere in Oxford County. 

The bulk of the work was performed in the laboratory. Speci- 
mens from both localities, especially Buckfield, have been studied 
by the use of immersion liquids and the microscope, and by blow- 
pipe and chemical tests. The electromagnet and the Clerici heavy 
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solution were employed to secure pure material for analysis. In 
some cases the quantities involved were so small that microchemi- 
cal methods were necessary. Particular attention has been paid 
to the order of formation and the associations of the minerals, for 
here lies the clue to their genesis. 

Eight of the more unusual minerals have been analyzed by Miss 
Helen Vassar, the departmental chemist. These analyses bring 
out several points of interest and will be included with the mineral 
description. 
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BUCKFIELD 
LocaL GEOLOGY 


Study of the local geology at Buckfield is made difficult by an 
extensive covering of glacial till, Gneiss bounds the pegmatite 
body on the east and south, granite on the west and north. The 
former is the country rock of the region while granite is more 
local in extent. In the hand specimen the biotite gneiss shows 
parallel bands of biotite with orthoclase and quartz between the 
bands. Minerals present to a minor extent are apatite and pyrite. 
The rock is a metamorphosed granite. 

The granite is light colored and has a fine grained aplitic texture. 
It is rich in quartz and contains also essential oligoclase, micro- 
cline, and muscovite, a little biotite, mostly intergrown with 
muscovite, and traces of garnet and hornblende. Occasional 
splotches of black tourmaline are present and it evidently under- 
went attack by portions of the still liquid magma as quartz 
encroaches on it extensively. The contact of the granite and 
gneiss was nowhere found but the unmetamorphosed character 
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of the granite shows that it is much younger than the gneiss. 
It is probably related magmatically to the pegmatite. 


PEGMATITE 
DESCRIPTION 


The pegmatite body caps a low hill and is flat or dips at a low 
angle to the east. Its areal extent is large, the paced distance 
from the footwall contact with granite on the west flank of the 
hill to the gneiss contact on the eastern slope measuring over five 
hundred feet. At the top of the hill six hundred and fifty feet, 
apparently all pegmatite, separates gneiss on the south from 
granite on the north. This dimension may be considerably less 
to the west, where exposures are lacking. 

Mining has proceeded on two levels. The upper terrace extends 
from the surface back into the hill for about a hundred feet, 
where, due to the natural slope of the hill it has a depth of about 
thirty-five feet. The breast at this point is forty feet wide. A 
second cut, fifteen feet below, extends into the hill for a lesser 
distance. 

A small pit four hundred feet to the northwest opens up pegma- 
titic material exceptionally rich in beryl. The mineralogical 
similarity between this deposit and the much larger one suggests 
that they are related intrusions. 

The size of grain of the minerals in the main pegmatite varies 
greatly. Adjacent to the contact with the country rock the 
feldspar and quartz anhedrons are no larger than those in the 
interior of the average granite. Outside the contact phase these 
minerals appear in masses up to ten feet across. Some examples 
of this latter size may be seen on the face of the quarry. 

The minerals of the first class make up the main pegmatite and 
are rather uniformly distributed, but those of later hydrothermal 
deposition, belonging to Classes II, III, and IV, are confined to a 
relatively small zone exposed in the lower workings of the quarry. 
In opening up this level, the miners first passed through an area 
of fallen or slumped pockets. Massive feldspar and quartz of the 
walls were mixed with quartz crystals, some of large size, belonging 
to a later generation. Surface waters had added a coating of clay to 
the debris. As operations extended the cut farther into the hill, 
and correspondingly farther from the surface, undisturbed pockets 


were encountered. 
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METHOD OF EMPLACEMENT 


The pegmatite shows various features which indicate that it 
was an igneous intrusion. 

In the first place the size of grain is greatly diminished bordering 
the contact with the country rock, implying a chilled phase about 
the periphery of the magma. Furthermore, the minerals crystal- 
lized in a definite sequence, identical to that in a granite. Lastly, 
there are inclusions of gneiss in the pegmatite more or less resorbed. 
The evidence appears to be strongly in favor of deposition by a 
viscous rather than a highly liquid solution. 

The presence of a higher percentage of volatile constituents 
than is customary in a granite resulted in a lower crystallization 
temperature, which permitted the formation of large crystals and 
the complete conversion of orthoclase to microcline. But of far 
greater importance was the post-magmatic activity of these 
volatile constituents in the formation of later minerals. 


LATER ACTIVITY 


It is the thesis of this paper that mineralization of the pegmatite 
did not cease with the magmatic crystallization just described, 
but continued for some time, through the agency of ascending 
solutions. These were expelled by minerals crystallizing from 
successively lower portions of the igneous mass. In their upward 
and outward movement the hot solutions dissolved and replaced 
earlier minerals. Large pockets were formed, pre-existing minerals 
altered, and new minerals superimposed. The minerals of Classes 
II, III, and IV were deposited by these solutions. 

The bulk of the evidence in favor of a hydrothermal origin for 
the minerals of these classes lies in their relationship with the 
magmatic minerals. Undoubted actual replacement of microcline 
by cleavelandite, an important product of the first hydrothermal 
stage, is described under the latter mineral. Other minerals of 
Classes II, III, and IV definitely replace minerals of the main 
pegmatite. In a similar way the later hydrothermal minerals 
replace the earlier. At Greenwood extensive silicification during 
the last stages of mineralization resulted in many quartz pseudo- 
morphs. 

The ability to divide the minerals, due to their consistent 
associations, into definite classes is regarded as evidence of aqueous 
deposition. Direct igneous crystallization produces a sequence of 
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mineralization, but the products are the result of one continuous 
phase. Deposition was probably fairly continuous in the central 
Maine pegmatites, but changes in the character of the ascending 
solutions produced rather abrupt differences in the resulting 
minerals. 

Further evidence of a hydrothermal origin is shown by the 
presence of many minerals often found in veins. The high tempera- 
ture vein minerals, tourmaline, albite, topaz, and cassiterite, are 
found in Class II. A low temperature vein mineral, rhodochrosite, 
is found in Class III. Likewise, in this and the next class, several 
hydrous minerals appear, signifying low temperatures and abund- 
ant water. 

Lastly, the fact that these minerals are limited in extent to a 
relatively restricted zone in the pegmatite (intersected by the 
lower quarry floor) suggests that they were deposited there by 
solutions working along a local channelway. 

The cavities, or pockets, are of great interest. Some rather 
large ones have been uncovered in the central Maine pegmatites. 
The largest pocket at Buckfield extended from the open cut 
back into the ledge, with varying course, for over twenty-five feet. 
The pockets at Greenwood were smaller, although one measured 
seven feet wide and ten feet long, with a depth of four feet. Mount 
Mica has been famous for its pockets, the largest of which was 
20 by 12 by 7 feet. The cavities vary from this extreme down to a 
diameter of only a few inches. When found they are partially 
filled with debris (pocket sand) which has scaled off from the walls 
and roof. 

Writers in the past have ascribed the origin of such cavities in 
pegmatites either to gas action or shrinkage during crystallization. 
In 1853 Delesse* said: 

It is then probable that the cavities are the result of the action of gases; their 
forms and their character indicate, moreover, that the gases were set free at the 


moment when the rock was sufficiently consolidated to preserve the cavities, but 
when it was still so plastic that the minerals could develop very frecly. 


Brogger’ states that drusy cavities result from contraction 


3 Delesse, A., Sur la Pegmatite de I’Ireland, Bull. Soc. Geol. de France (2), 10, 
p. 570, 1853. Quoted by Kemp, The Pegmatites, Econ. Geol., December 1924. 

4 Brogger, W. C., Die Mineralien der Syenitpegmatitgange der Siidnorwegischen 
Augit- und Nephelinsyenite, Zeit. Kryst. Min., 16, 1890. Sections on genesis 
translated by Evans, Can. Rec. Sci., 6, pp. 33-46, 61-71, 1894. 
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during crystallization. Miarolitic cavities are filled by both late 
magmatic crystallization and by minerals formed by special 
“agents mineralizateurs.” 

A few years later Crosby and Fuller’ expressed similar views: 


. . while a higher degree of local hydration gives rise to the concentric crystalline 
shells and shrinkage cracks (pockets) with the highly perfect crystallizations of 
feldspar, quartz, fayalite, etc., characteristic of the typical lithophysae. 


On the subject of miarolitic cavities Bastin® says: 


Such cavities have been attributed by various writers to shrinkage of the 
pegmatite mass in crystallization. This may, in fact, play some part in their forma- 
tion, but that they are not entirely the result of shrinkage, but, on the contrary, 
were filled or partly filled with some material which has since disappeared, is shown 
by the presence of perfectly developed crystals of quartz, tourmaline, and other 
minerals projecting inward from the walls of the cavities. Some filling must have 
been present from which such crystals derived the materials for their growth. It 
is probable, therefore, that immediately after the crystallization of the main body 
of pegmatite the miarolitic cavities were completely filled with a gaseous solution 
which may later have liquified and has since disappeared, Water carrying numerous 
other substances in solution probably formed the bulk of this cavity filling. The 
abundance of quartz crystals on the walls of these cavities indicates that silica 
was one of the most abundant of the dissolved substances. 


It is the writer’s opinion that most of the pockets in the pegma- 
tites of central Maine are secondary in nature, due to dissolving 
activity on the part of the ascending solutions, rather than primary 
gas or contraction cavities in the igneous magma. This conclusion 
is based upon the following lines of evidence: 

1. Shape of pocket. The larger cavities are extremely irregular 
in shape. The dimensions of the largest one at Buckfield were 
33 by 35 by 25 feet. This tunnel-like opening follows a tortuous 
course and constantly varies in diameter. In describing a similar 
cavity at Greenwood Bastin’ says: ‘“‘. . . . numerous small lobes 
add irregularity to its form.’”’ The largest pocket at Mount Mica 
contained three connecting chambers.’ Surely there is nothing 
bubble-like or otherwise suggestive of gas cavities about such 
openings as these. In their irregularity they more nearly resemble 
limestone caves, which result from the dissolving activity of 
ground water. 


* Crosby, W. O. and Fuller, M. L., Origin of Pegmatite, Am. Geol., 19, p. 172, 
1897. 


* Bastin, E. S., Geology of the pegmatites and associated rocks of Maine, U. S. 
Geol. Surv., Bull., 445, p. 32, 1911. 
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PLATE I 


A. Microcline bordering a pocket. Note the extremely irregular profile caused 
by the dissolving activity of hydrothermal solutions. Quartz and cookeite (Class 
IV) coating the walls of the cavity. Buckfield. 


B. Cleavelandite in vein through microcline. The latter is a cleavage fragment 
of one individual of Class I. Buckfield. 
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2. The cross-cutting relationship of the pockets to the minerals 
of the main pegmatite. The cavities cut through the pegmatite 
as do dikes across sedimentary strata, with equal disregard for 
pre-existing structure. 

3. Actual solution of microcline. Specimens of massive feldspar 
from Buckfield show unmistakable evidence of severe corrosion. 
Plate I, A pictures one such specimen. The microcline has been 
irregularly dissolved away, and the cavity walls are lined with 
hydrothermal minerals. 

Corrosion of a similar nature has been noted by Lacroix:? 

Up to this period of fermation of the rock it seems that the phenomena of 
crystallization were products of a continuous phase, with only the changes of 
chemical composition in the fluids circulating in the vein, these phenomena have 
been essentially constructive. But, there arrives a moment where a discontinuity 
intervenes; the minerals thus formed are no more found to be in equilibrium with 
the medium. They are subject then to corrosion and transformation. 

The great crystals of microcline have been profoundly corroded, attacked, in 
particular following their planes ot cleavage. Cavities contain later albite, tourma- 
line, and lepidolite. 

4. Anhedral forms of the magmatic quartz and microcline 
adjacent to the pockets. These minerals were prevented from 
assuming crystal boundaries in the main pegmatite by the lateness 
of their crystallization. But where they formed adjacent to a gas 
or shrinkage cavity one would expect crystal faces to be developed. 
Quartz crystals do line the pocket walls, but they are of a later 
generation. In the pockets under discussion microcline never has 
crystal boundaries. 

5. Pseudomorphs. At Greenwood many quartz pseudomorphs 
have been found. The quartz was deposited about earlier minerals 
during the last hydrothermal stage. In most cases the minerals 
serving as host have been completely removed. This shows power- 
ful dissolving activity toward the close of the hydrothermal period 
at least. 

6. Invariable association of hydrothermal minerals with the 
large pockets. The secondary pocket zone is absolutely identical 
with the zone of hydrothermal minerals. This is to be expected 
if the same solutions were responsible for both. 

The German writers, Laubmann and Steinmetz,’ describe 
pegmatite cavities which they believe to be secondary: 


9 Lacroix, A. Mineralogie de Madagascar, Vol. 2, p. 310, 1922. 
10 Laubmann, H. und Steinmetz, H., Phosphatfiihrende Pegmatite des Ober- 


pfalzer und Bayerischen Waldes, Zeit. Kryst. Min., 55, 584, 1915-1920. 
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The distinct drusy development of these pegmatites as well as the magnificent 
crystal development in the druses, is secondary and brought about through the 
destruction of the rock. 

The possibility of cavities due to shrinkage or gas bubbles is 
not denied. It may be true that some or all of the secondary 
pockets in the central Maine pegmatites are merely much enlarged 
primary cavities. 

The pockets grew in size with each wave of hydrothermal 
activity and at the same time minerals were deposited, a different 
group for each period. Three such groups appear at Buckfeld. 

The last activity was that of the surface waters forming the 
supergene minerals of Class V. 


CHEMICAL CHARACTER 


The chemical character of the pegmatite varies with its different 
phases. In the earliest phase the mass composition of the pegma- 
tite magma was the controlling factor. This magma was very similar 
chemically to a granite magma, so the composition of the resulting 
pegmatite is close to that of a granite. Unusual amounts oflithium, 
manganese, and glucinum resulted in the formation of lepidolite, 
manganese apatite, and beryl among the magmatic minerals. 

With the completion of the magmatic crystallization and the 
subsequent hydrothermal activity the rarer elements of the 
magma are relatively more abundant while potash and alumina 
correspondingly decrease. Silica remains quantitatively important 
in Class II, almost disappears in Class III, and returns in large 
amounts in Class IV. 

In Class II we find the greatest variety of elements and minerals. 
The hydrothermal solutions carrying the residual liquor of the 
magma were loaded with all the elements of the original magma, 
except potassium and arsenic. Many elements appear in Class II 
which were lacking in Class I, and some of these, such as caesium, 
columbium, tantalum, and tin, do not appear in any later class. 
No new elements were introduced after the close of this earliest 
hydrothermal stage. From a chemical standpoint this class may be 
called the silica-sodium-rare element phase. 

The Class III minerals represent a lithium-manganese-phos- 
phorus phase. These three elements were in the magma in unusual 
quantities and became increasingly important as the mineraliza- 
tion progressed from Class I to Class III. Manganese and phos- 
phorus reached their climax here, but lithium did not. 
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Hydrothermal activity closed with a lithium-silica phase, which 
produced the minerals of Class IV. 

Chemically combined water first appeared in Class II and in- 
creased in importance through Classes III and IV. Supergene 
water combined with hypogene elements to make many of the 
minerals of Class V. 

MINERALS OF CLASS I 

The minerals of this class make up the main body of the pegma- 
tite and at most localities they stand alone, there being no evidence 
of later activity. At Buckfield many later minerals are found, but 
they represent a very smal! proportion of the total mass. 

The minerals of Class I crystallized from a magma. The analogy 
to a granite is apparently also followed in the order of formation. 
The first to complete their crystallization were the accessories 
garnet, beryl, tourmaline, and apatite. Then came feldspar and 
lastly, quartz. 

Physically the minerals were (and still are where removed from 
the zone of later activity) tightly intergrown and no interstitial 
open spaces were found which were left by this primary crystalliza- 
tion. In the relative size of grain the pegmatite does not differ 
widely from a granite. While the apatite, tourmaline, mica, and 
garnet crystals are several hundred times their customary size in a 
granite, so are the feldspar and quartz masses. A possible exception 
is beryl, which does not appear in granite. 


MICROCLINE 


Microcline is the most abundant mineral at Buckfield. The only 
other feldspar detected in Class I was albite, in perthitic inter- 
growth with microcline. Potash feldspar, although of extreme 
importance here, does not appear in any of the later classes. 

On the freshly cut quarry face microcline stands out prominently 
due to its white color and large cleavage faces. Some of the latter 
are two meters or more across and the grain varies from this 
dimension to about half a millimeter in the contact phase. Later 
dendrites of a black manganese oxide appear on many of the cleav- 
age faces. 

Kaolinization of the microcline has been very slight, as seen 
under the microscope. The characteristic albite and pericline 
twinning is commonly absent, but the 15° extinction angle on the 
base distinguishes it from orthoclase. 
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The feldspar appears to have completed its crystallization after 
all the other minerals save quartz. It encloses euhedral crystals 
of beryl, tourmaline, and garnet and is itself surrounded by 
massive quartz. 

Potash feldspar, usually microcline, is a leading mineral in the 
granite pegmatites of central Maine, and elsewhere. 


QUARTZ 


Quartz is next in abundance to microcline. It appears in large 
gray masses equal in dimension to those of feldspar. Nowhere 
are crystal boundaries developed. 

As in a granite the final crystallization of the quartz completed 
the solidification of the magma. Therefore, none but anhedral 
forms were possible, and those surround and enclose all of the 
other constituents. At the top of the hill a series of six-inch 
quartz veins with parallel strikes cuts the main pegmatite. 


APATITE 


Apatite appears scattered through the microcline in dark green, 
opaque, somewhat spherical anhedrons from a fraction of a milli- 
meter up to fifteen millimeters in diameter and is clearly of late 
crystallization. Under the microscope it is almost colorless. Its 
indices of refraction are: w=1.642+.003, €=1.639+.003. 

Chemical analysis shows the mineral to be manganapatite, 
as it contains 8.69 per cent MnO. The complete analysis by 
Miss Vassar follows: 


P205 41.43 per cent 
CaO 47 .33 
Fe,O3 0. 55 
MnO 8.67 
F 3.80 
Cl — 
Al,03 a 
H,0 0.06 
101.84 
F=0O 1.60 


100.24 per cent 
Analyses are given in Dana’s System of Mineralogy for eight 
manganapatites, only one of which definitely contained more 
MnO than this. A dark green apatite from Branchville, Connecti- 
cut, had 10.59 per cent MnO. 
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This particular apatite is less common in the other central Maine 
pegmatites. In his description of Mount Mica Bastin" says, 
‘Apatite occurs in the solid pegmatite in irregular opaque green 
masses, some few of which weigh a couple of pounds.”’ Apatite of 
this character was observed at Greenwood, where the mineral is 
also exceptionally abundant as the product of a later mineraliza- 
tion. 

BERYL 


Beryl is common in quartz and feldspar at the northwest corner 
of the large quarry, and appears in even greater abundance in the 
small open cut four hundred feet beyond. Here hardly a square 
yard of the pegmatite face may be found which does not contain 
a section of a beryl crystal. The crystals are strongly prismatic, 
up to eight centimeters in diameter and twenty centimeters long. 
Some odd shapes appear. One crystal abruptly doubles its di- 
ameter, without displacing the vertical axis. Several crystals 
exhibit a decided tapering along the prism zone. The color ranges 
from bluish green to green, usually somewhat mottled. All in this 
class are opaque or translucent. 


TOURMALINE 


Tourmaline of the first class is here as in most pegmatites black 
and opaque and appears in well-defined prismatic crystals scattered 
rather widely through the main mass of the pegmatite. Some of 
these reach ten or twelve centimeters in diameter and twenty 
centimeters or more in length. 


LEPIDOLITE 


In the main pegmatite lepidolite has all the appearance of 
muscovite. It occurs in silvery white books, usually five to eight 
centimeters in diameter and under one centimeter in thickness. 
Optically lepidolite is almost identical with muscovite, so the 
flame test was used in distinguishing these two micas. The white 
mica of the first class gave as sharp and as definite a lithium flame 
as did the pink lepidolites of the later classes. The flame was 
secured all about the periphery, in the center, and in every quad- 
rant of the book. Also the plates were microscopically homo- 
geneous. Nowhere was there any evidence of lepidolite-muscovite 
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zoning or intergrowths as described in specimens from Haddam 
Neck.!2 No muscovite could be found among the specimens 
from Buckfield. 

Lepidolite also was produced to a minor extent about the biotite 
gneiss xenoliths found near the contact. Reaction between the 
biotite of the xenolith and the enclosing lithia-rich magma resulted 
in a zone of lepidolite 6 millimeters wide between the two. 

The mica of Class I is usually muscovite as is the case at Green- 
wood and Mount Mica. Evidently an unusual concentration of 
lithium in the pegmatite magma existed at Buckfield. Lepidolite 
occurs in the normal pegmatites in Madagascar.'® 


BIOTITE 


Biotite is an accidental constituent of the pegmatite, being 
introduced by the inclusion of fragments of biotite gneiss country 
rock. Working over by the magma produced a chemical and 
physical change in the biotite. The flakes are larger than they were 
in the gneiss, and lithium has been incorporated, due to its great 
abundance in the magma. 

The biotite is black with a most peculiar intergrowth of plates. 
These are all arranged parallel to one of two directions in the 
xenoliths. As the changes in direction are minutely spaced the 
result is two perfect cleavages, at right angles in one xenolith, and 
at approximately 120° in another. 


GARNET 


A brownish red garnet is a very minor accessory in the main 
pegmatite. Judging from its index of refraction, color, and asso- 
ciations it is very likely spessartite which is very common in the 
pegmatites of Maine. 


ARSENOPYRITE 


Only two specimens containing arsenopyrite were found. In 
one it occurred in parallel bands 1 to 5 millimeters thick. Between 
the bands were even narrower zones of brown lepidolite. The latter 
was in plates about 5 millimeters across which were arranged 
parallel to the banding. The whole is tightly enclosed in massive 
microcline and quartz. 


* Bowman, H. L., Occurrence of Minerals at Haddam Neck, Connecticut, 
MUineralog. Mag., May 1902. 


# Lacroix, A., Mineralogie de Madagascar, Vol. II, p. 304, 1922. 
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In the second specimen arsenopyrite appears in crystals and 
small masses in the finer grained pegmatite adjacent to the contact. 
Associated minerals are microcline and lithium biotite. 

Either arsenopyrite or léllingite, the sulphur free iron arsenide, 
occur in most of the central Maine pegmatites. The former was 
present sparingly at Greenwood. Both were found at Mount Mica. 


AMBLYGONITE 


Amblygonite is very rare in the main pegmatite, appearing in but 
one hand specimen studied. Here it is a small cream colored 
fragment intimately associated with manganese apatite, tourma- 
line, and white lepidolite. 

Amblygonite has been reported from Mount Apatite and Mount 
Mica, from the latter locality in some abundance. 


MINERALS OF CLASS II 


Soon after the close of the magmatic period hydrothermal 
activity set in and the minerals of Class II were formed. The more 
unusual elements of the magma now come to the fore. Beside 
silica the solutions of the first stage carried unusual amounts of 
sodium, lithium, and the rarest elements. Many of these last 
were soon exhausted so do not appear among the constituents of 
the minerals in the later classes. 

The temperature at which the minerals of Class II were de- 
posited was considerably below that in effect during the magmatic 
period. The presence of low temperature quartz places it below 
575°C. But the temperatures were still high in terms of hydro- 
thermal mineralization. This is shown by the presence of such 
typical high temperature vein minerals as tourmaline, albite, 
topaz, and cassiterite. 

The upward moving solutions dissolved away the minerals 
of the main pegmatite, producing pockets. In the pockets many 
minerals were deposited, some as drusy linings, others entering 
into and replacing the walls, while still others may have been 
formed without attachment, in the free liquid filling the pocket. 

The minerals of Class II may be divided upon a basis of quanti- 
tative importance into three major and ten minor minerals. The 
three major ones are quartz, lepidolite, and cleavelandite. Quartz 
was the first to form, cleavelandite the last. These are the char- 
acteristic pocket minerals of granite pegmatites. 
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The minor minerals were all formed before cleavelandite, and 
some even before quartz. In most cases their exact position is 
unknown because of the scantiness of their occurrence. 


QUARTZ 


Quartz crystals of hydrothermal origin appear in a multitude 
of sizes and shapes and vary from colorless to milky or smoky. 
Euhedral crystals of the low temperature type are the rule. 
These may be perfect crystals, with equally developed prism 
and rhombohedron faces, or they may be flattened and distorted, 
usually parallel to a prism face. Many of the crystals are under 
2 centimeters in length while a few attain lengths of over 2 meters. 
The majority fall between these two extremes. Crystal groups 
were common at Buckfield. One of these, measuring about 40 
centimeters across, consisted of three quartz crystals whose prisms 
completely merged, giving a massive base to the specimen. Only 
the smaller crystals are colorless. The large ones from this locality 
are almost always milky. Smoky crystals are exceptional. 

The Class II quartz crystals line the pocket walls in great 
abundance. They were seen on the walls of the big pocket and 
groups of large crystals were common in the region of slumped 
cavities intersected by the lower quarry floor. Quartz is the most 
spectacular of the pocket minerals at Buckfield, due to the abund- 
ance and size of its crystals, the variety of its forms, and its drusy 
occurrence. On the basis of form alone may the hydrothermal 
quartz be distinguished from the magmatic variety. The latter is 
never euhedral, while Class II quartz is rarely otherwise. Asso- 
ciated minerals are cleavelandite and lepidolite. Quartz formed 
before these minerals, for the latter are often found clinging to the 
sides or partially rooted into the quartz crystals. 


LEPIDOLITE 


The lepidolite of Class II has the characteristic lilac color. It 
appears in books usually under a centimeter in diameter and up 
to three centimeters thick. 

Hardly a specimen containing minerals of Class II fails to show 
lepidolite. Furthermore, it was one of the most stable of the 
pocket minerals as in many specimens the only remnants of the 
first hydrothermal stage are a few flakes or small books of lepido- 
lite, the later solutions having dissolved or replaced the associated 
minerals. 
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Pocket lepidolite may readily be distinguished from the earlier 
variety. It is generally lilac rather than white in color. The books 
are small and in most instances were formed in open spaces. The 
much larger books of Class I lepidolite are tightly enclosed and 
often subhedral. 

All the pocket-bearing pegmatites in central Maine contain 
Class II lepidolite. It was probably more abundant at Mount 
Mica than at any of the other localities. The constant association 
of lepidolite with pocket tourmaline is well known to the gem 
hunter. 

CLEAVELANDITE 

The platy variety of albite, cleavelandite, is one of the com- 
monest pocket minerals. It is not found outside of Class II and is 
therefore an unfailing index of the first hydrothermal period. The 
Buckfield cleavelandite is found in single crystals, sheaves of 
plates, and fan-like aggregates. It is white and usually translucent 
although one group contained several parallel transparent crystals. 
The plates vary in thickness from very minute up to 8 millimeters 
but most are considerably under 3 millimeters. 

The crystals of cleavelandite are invariably twinned on the 
albite law. One group showed crystals of sufficient perfection to be 
measurable and the following forms, some of them quite rare, 
were identified: (010), c(001), m(110), M(110), 2(130), 7(403), 
y(201), p(111), g(221), «(221), o(443), and x(241). The habit of 
these crystals is unusual for albite owing to the prominent develop- 
ment of the dome r(403) and the pyramid o(443) which truncates 
its edge with the pinacoid. 

Cleavelandite usually replaces earlier minerals, although it may 
also fill open spaces. One of the easily replaced minerals was 
microcline. Several specimens were found with veins of cleave- 
landite through the microcline. The depositing solutions had 
worked into cleavage cracks in the magmatic feldspar and the 
cleavelandite replaced outward from this plane of weakness. One 
of these specimens is shown in Plate I B. Cleavelandite replaces 
quartz also. Many of the pocket crystals of quartz have been 
entered by blades of this mineral. In fact aggregates of cleave- 
landite largely filling open spaces usually anchored themselves 
in this manner. 

All of the pocket minerals are closely associated with cleave- 
landite. Quartz and lepidolite are the commonest of these. The 
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rarer minerals, tourmaline, columbite, spodumene, apatite, etc., 
are found either embedded in or adjacent to cleavelandite. The 
latter appears to have been the last of the Class II minerals to 
form. 

Platy albite was equally important among the pocket minerals 
elsewhere. It was found in fair amounts at Greenwood, Mount 
Mica, and Auburn. In every case cleavelandite was a product of 
early hydrothermal activity. This mineral is a most important 
criterion of the proximity of pockets. 


BERYL 


The beryl of Class II rarely exhibits crystal boundaries. Its 
solubility in the later solutions has usually resulted in a severe 
etching, which has destroyed the outlines of the original crystal. 
These etched forms are known as “‘pocket” beryls, because of 
their characteristic occurrence in the vugs of pegmatites. 

One white transparent crystal was evidently partly buried in 
the wall and partly emergent into the pocket, for one-half the 
crystal is highly etched, while the other half is unharmed, with 
crystal boundaries intact. 

Another larger crystal shown in Plate II A survived the attack 
of the later solutions even better. This crystal is about 10 centi- 
meters long and 15 centimeters in diameter. The first order prism 
and basal pinacoid are dominant, the second order pyramid 
subordinate. The faces of the last form are etched. The crystal 
is pale aquamarine in color and unusually transparent. 

The pocket beryls vary in color from pale green or colorless to 
white and pink, and are always far more transparent than the 
green or blue beryl of Class I. Besides these differences the beryls 
of Class II vary from the magmatic crystals in specific gravity and 
in indices of refraction, as shown below: 


Class I Class II 
Specific gravity PREIS} 2.82—2.85 
w 1.581+ .003 1.598+ .003 
€ 1.575+ .003 1.590+ .003 


The higher specific gravity and indices of refraction are probably 
due to an unusual amount of alkalis, especially caesium. The 
presence of caesium in the ascending solutions is shown by the 
occurrence in this class of pollucite, a caesium silicate. Pocket 
beryl is known throughout central Maine as caesium beryl, due 
to the presence of caesium in beryl of this t ype from Hebron. 


Prate II 


A. Pocket beryl crystal from Buckfield. Cleavelandite at lower left. About 
half natural size. 


B. Eosphorite crystals in a base of rhodochrosite and fairfieldite. Supergene 
rhodochrosite coats the latter minerals. Buckfield. 
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Class II etched beryls are common at Greenwood and some good 
crystals have been found in the pockets in the pegmatite on 
Mount Mica. 


TOURMALINE 


One of the first pockets opened at Buckfield contained two fine 
gem crystals of tourmaline, five centimeters long. Many small 
clear green unattached tourmaline crystals were found later. A few 
very small crystals also appear among the lepidolite, cleavelandite, 
and quartz specimens. In one of these a needle-like tourmaline 
is included within a quartz crystal, making the tourmaline defin- 
itely earlier in age. 

Study of the pocket tourmaline crystals from Buckfield and 
elsewhere shows that some worked into the walls, replacing earlier 
minerals, but many more grew out from the walls, one end at- 
tached, the other free. Subsequent movements, perhaps some- 
times those due to the blasting of the quarrymen, often shook 
these crystals free, and they fell to the bottom of the pocket. 
Here they are found loose, mixed with the other debris of the 
pocket. Sometimes very thin needle-like and doubly terminated 
tourmalines are found in this pocket sand. Such an occurrence 
was observed by Dr. Palache! at Haddam Neck, Connecticut. 
These crystals were probably never attached, but were formed 
in the solutions which filled the pocket during the first hydrother- 
mal period, and were left free in the bottom of the pocket with the 
passing on of the solutions. 

The tourmaline of this class differs strikingly from that belong- 
ing to the magmatic period. It is green and transparent, whereas 
the tourmaline of Class I was black and opaque. The gem tourma- 
line is a result of early hydrothermal activity rather than the 
product of magmatic crystallization and contains more lithia and 
less iron than the black tourmaline of Class I. An increase in 
alkalis and a corresponding decrease in iron apparently cause 
increased transparency. 

Class II tourmaline crystals were common at Greenwood and 
in some of the Auburn quarries, but it was at Mount Mica that 
the mineral was most abundant. The large clear green and pink 
tourmalines from this locality have made it famous. 


14 Verbal communication. 
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SPODUMENE 


Most of the spodumene at Buckfield has been rather completely 
kaolinized. Some of these pseudomorphs are about eight centi- 
meters long and half as wide. They are white and fibrous, exhibit- 
ing the exact structure (cleavage and parting) of the original 
mineral. A little lithium is present, undoubtedly due to residual 
spodumene. 

Spodumene pseudomorphs occur closely associated with cleave- 
landite and Class II lepidolite. The original spodumene formed 
after the lepidolite, sometimes completely enclosing it. 

Veins of lepidolite, belonging to a later period of mineralization, 
cut through several of the kaolinized spodumene specimens. 
Others have been irregularly stained along the planes of separation 
by a black manganese oxide. 

Much larger and fresher crystals of spodumene were found at 
Greenwood. Bastin says that spodumene is “‘common in many 
of the coarser pegmatites, especially those that carry gem tourma- 
lines, lepidolite, and other lithia minerals.” 


APATITE 


Apatite is comparatively rare among the minerals of Class II. 
it appears in small green translucent crystals, prismatic in habit. 
Associated minerals are cleavelandite, lepidolite, and columbite. 
The apatite crystals are well developed and were formed pre- 
viously to the enclosing cleavelandite. This apatite is rather 
different from the earlier magmatic apatite. Although both are 
green, the later apatite exhibits definite crystal boundaries and is 
translucent whereas the apatite of Class I is always anhedral, 
cloudy, and usually occurs in much larger masses. 

Pocket apatite of this generation is not uncommon in the 
granite pegmatites of central Maine, but the drusy apatite appear- 
ing in great abundance at Mount Apatite and Greenwood belongs 
to a later period of hydrothermal activity. 


HERDERITE 
Several pale green crystals of herderite were found embedded 
in cleavelandite. Others either clung to the sides of lepidolite 
books, or partially enclosed them; hence the mineral must have 


* Bastin, E. S., Geology of the pegmitites and associated rocks of Maine, 
U.S. Geol. Surv., Bull., 445, p. 18, 1911. 
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been deposited after the lepidolite but before the cleavelandite. 
The largest crystal is 4 centimeters long, 1.2 centimeters wide, 
and a centimeter thick, but most are about a centimeter long. 
Many of these smaller ones are twinned. 

Herderite was relatively insoluble during the later hydrothermal 
activity, for one specimen consists of a small vug containing 
herderite and lepidolite crystals completely surrounded by quartz 
and cookeite of Class IV. This is the remnant of a pocket and its 
minerals established during the first hydrothermal period. 

Herderite is a rather rare mineral. In this country it is found at 
Stoneham, Hebron, Greenwood, and Auburn, Maine. 


COLUMBITE 


Black, platy and prismatic columbite crystals up to 5 centimeters 
in length were occasionally found, usually embedded in cleave- 
landite. The latter is distinctly later, as it pierces the columbite in 
salients and veins. A bright purple oxidation product coats many 
of the crystals. 

Compared with its associates columbite was very insoluble in 
the later solutions. Therefore it is often found in residual remnants 
enclosed in minerals of a much later generation. 

Small amounts of columbite were noted at Greenwood, Mount 
Mica, and Auburn. It is widely distributed in New England 
pegmatites. 

MANGANOTANTALITE 


A few small masses of manganotantalite appear, encroached 
upon and surrounded by quartz, cuokeite, and apatite of Class IV. 
They are all under one centimeter in diameter, and in most in- 
stances have lost their crystal boundaries, due to the extensive 
attack of the solutions depositing the later minerals. With the 
exception of a few flakes of lepidolite the associated Class II 
minerals succumbed to this attack, and the manganotantalite and 
lepidolite are the only remnants of the earlier mineralization. 

The Buckfield manganotantalite is dark brown and slightly 
translucent. Its gravity is 7.29. Under the microscope the mineral 
appears yellow in color with no pleochroism discernable. It is 
biaxial positive, with n approximately 2.2. Columbite has higher 
indices of refraction, lower specific gravity, and is more opaque. 
The common ferrotantalite is pleochroic and darker colored. 
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Manganotantalite from Mount Apatite has been described by 
Schaller.’ 
CASSITERITE 


Cassiterite, a fairly common accessory mineral in granite pegma- 
tites, is represented in the Buckfield collection by an isolated black 
pyramidal crystal about two centimeters long. No other minerals 
were attached to it to give a clue to its place in the genetic classifi- 
cation. It was however placed here in Class II because of its 
associations elsewhere. 

At Mt. Mica cassiterite was not uncommon in cleavelandite and 
in the pocket sand. It was also so found at Greenwood and in 
most New England pegmatites. 


POLLUCITE 

A few small fragments of this rare mineral, a hydrous caesium 
aluminum silicate, were found at Buckfield. It is white and glassy 
and lacks any very striking physical characteristics that are 
distinctive. The only associated mineral is lepidolite, in vein 
form and obviously much later. 

While pollucite has been found in small amounts in several of 
the Maine pegmatites the only abundant occurrence of it is in 
Dudley’s ledge, also in the town of Buckfield and about two and 
a half miles south of Bennett’s quarry. 


Topaz 
The single crystal of topaz found at Buckfield is a prismatic 
individual about 5 centimeters long and four in diameter. It shows 
faces of basal pinacoid and brachydomes which are coated with 
fine scales of purple lepidolite belonging to Class IV. The common 
occurrence of topaz with cassiterite and with cleavelandite as at 
Stoneham is the reason why it is here placed in Class II. 


Two UNKNOWN PHOSPHATES 


Two unidentified minerals were found mixed with quartz and 
lepidolite in one specimen. Difficulties encountered in their 
separation prevent a complete description at this time. The two 
are intimately associated and megascopically the aggregate looks 


homogeneous. It is white to colorless, quite vitreous and has a 
hardness of about 5. 


6 Schaller, W. T., Mineralogical Notes, U. S. Geol. Surv., Bull., 490, p. 95, 1912. 
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Under the microscope the more abundant of the two minerals is 
found to have a good cleavage parallel to the base. Many of the 
particles contain minute rectangular inclusions with much higher 
indices. This mineral has the following optical properties: Uni- 
axial +, w=1.591, e=1.606. 

An incomplete chemical analysis was made by Miss Vassar on 
a sample of this mineral which contained a small amount of 
lepidolite. The results are given below: 


P.O; 31.99 per cent 
SiO2 3.10 
H.0 16.39 
CaO 1.83 
MnO 10 
Al.03 Sit2 
FeO 19 


91.32 per cent 

The alkalies may account for the missing nine per cent and if this 
is true the mineral is a hydrous phosphate of aluminum and the 
alkalies. 

The second mineral is biaxial negative, but with 2V small. 
The indices are: a=1.640, 8=1.656, y=1.661. 

Definite microchemical tests proved the mineral to be a phos- 
phate. 

The optical data on neither of these minerals agree with those 
given for any phosphates listed in Larsen’s tables. Final determin- 
ation must await further work in separation and analysis. 


MINERALS OF CLASS III 


A second wave of hydrothermal activity produced the minerals 
of Class III. This mineralization represents a lithium-manganese- 
phosphorus phase in the ascending magmatic waters. At Buckfield 
seven minerals were formed, the majority of which are very rare. 
The phase itself is unusual in pegmatite formation and it is found 
elsewhere in this country developed to any degree only at Branch- 
ville, Connecticut.!7 Pegmatites containing phosphate minerals 
in which iron predominates over manganese are found in France,” 
and in Rabenstein, Bavaria.!® 

17 Brush, G. J., and Dana, E. S., Am. J. Sc., 16, pp. 33-46 and 114-123, 1878. 


18 A, Lacroix, Mineralogie de Madagascar, Vol. 2, pp. 292 and 293, 1922. 
19 Laubmann, H., and Steinmetz, H., Loc. Cit., p. 570. 
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The minerals of Class III were deposited in a definite sequence, 
with but little chemical change from one mineral to the next. 
A slight difference in the character of the ascending solutions would 
cause an earlier mineral to become unstable and a new one to be 
deposited. The later mineral probably grew at the expense of 
earlier minerals, incorporating in itself some of the material 
dissolved from them. A tabular view of the chemical and mineral- 
ogical changes occurring during this period is given below. The 
minerals are listed in the order of their formation and the lower 
half of the table includes similar minerals of Class IV and the 
supergene minerals of Class V in order to show the time relations 
of the whole phosphate group. 

Lithium disappears as a mineral constituent after the formation 
of lithiophilite and triphylite and does not reappear until Class IV. 
Manganese is of utmost importance in all but the first mineral. 
Iron is very subordinate, as the chemical analyses will show. One 
carbonate, rhodochrosite, interrupts the sequence of phosphates. 

Most, if not all, of the Class III minerals were deposited under 
low temperature conditions. Rhodochrosite is typical of shallow 
veins as are the hydrous minerals. 

The method of mineral formation varied during the period as 
in the first half replacement was the general rule while later 
open space filling became dominant, although the minerals were 
often replacive in character also. 

Other evidence than temperature differences place the Class III 
minerals later in age than those belonging in Class II. In one speci- 
men actual superimposition of minerals was observed. Here 
lithiophilite, a leading mineral of Class III, is definitely replacing 
spodumene, one of the minerals typical of Class II. 


AMBLYGONITE 


A grayish white rim surrounds the pocket minerals of Class IIT. 
The border is about 4 centimeters wide, and usually consists of 
material microscopic in dimension. The rim is always bounded on 
the outside by massive microcline of the main pegmatite. It is 
evidently caused by a replacement of the microcline. 

Optical study and chemical tests proved the replacing mineral 
to be amblygonite. Residual fragments of microcline surrounded 
on three sides by amblygonite may be seen along the outer margin 
of this zone in the thin section. Cleavage cracks in the feldspar 
are filled with amblygonite. 
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The main Class III mineralization was preceded by an ambly- 
gonite stage, during which this mineral advanced outward into the 
main pegmatite, replacing microcline as it did so. In a few speci- 
mens replacement has been complete, and the amblygonite is 
coarse enough to show cleavage and yield good blowpipe reactions. 

Optical differences serve to distinguish amblygonite of Class III 
from that of Class I, as shown below:”° 


Class I Class III 
Negative Positive 
2V =approx. 80° 2V =approx. 55° 
a=1 .596+ .003 1 .613+ .003 
B=1.607+.003 1 .623 + .003 
y=1.617+.003 1 .636+ .003 
LITHIOPHILITE 


Lithiophilite is orthorhombic with perfect basal and good side 
pinacoidal cleavage. At Buckfield it occurs as it does at Branch- 
ville, in anhedrons, single individuals sometimes measuring as 
much as ten centimeters across. It is pale salmon pink in color 
and for the most part very fresh. 

Under the microscope the pleochroism usually assigned to this 
mineral is lacking and it is colorless in all directions. The indices 
of lithiophilite from both Buckfield and Branchville, Connecticut, 
the type locality, were measured. They are given below: 


Buckfield (FeO =2.94%) Branchville (FeO =12.57%) 


a 1 .663 + .003 1.674+ .003 
B 1 .666 + .003 1.677 + .003 
% 1 .673+ .003 1.684+ .003 


The indices increase with higher percentages of iron. 

In composition lithiophilite is a phosphate of manganese and 
lithium with but little iron. It is isomorphous with triphylite 
which contains much iron and little manganese and is blue in 
color. Chemical analyses were made of the lithiophilite specimens 
whose indices were measured. The specimen from Branchville 
was collected in 1924 from the new openings. 


n Amblygonite is as often positive as negative, and shows a wide range of 
indices, according to optical studies by Helge Backlund, Amblygonite at Uto, 
Papers of Miner. Inst,, Stockholm University. Vol. I, No. 4, 1918. 
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Analyses of lithiophilite by Miss Vassar. 


Buckfield Branchville 
S10; 0.16 per cent 0.17 per cent 
FeO 2.94 iW SY/ 
CaO trace trace 
Na,O 0.24 0.24 
H.O+ 0.65 0.30 
P20; 44.95 45.05 
MnO 42.58 32.65 
Li,O 9.11 9.23 


100.63 per cent 100.21 per cent 


The least FeO previously reported was 3.99 per cent, on a 
different specimen from Branchville.24. The Buckfield material 
with but 2.96 per cent FeO is the nearest of any lithiophilite so far 
analyzed to the theoretical end point of the triphylite-lithiophilite 
series. 

At Buckfield lithiophilite occurs frozen to the pocket walls, 
which generally consist of massive quartz. A change in the 
character of the solutions following the deposition of lithiophilite 
made this mineral unstable, and it was extensively attacked and 
replaced by later minerals. 

Beside its well known occurrence at Branchville lithiophilite 
has been reported from Tubbs Farm, Norway, Maine; Faires 
Mine,” Cleveland County, North Carolina; and Pala, California. 
A specimen from the latter locality in the Harvard collection shows 
lithiophilite with sicklerite, a more hydrous lithium-iron-manganese 
phosphate. 

TRIPHYLITE 


Triphylite is represented in the Buckfield collection by a single 
isolated fragment measuring five by five by two and a half 
centimeters, blue in color. 

Owing to its chemical similarity with lithiophilite it is assumed 
that triphylite belongs in Class III as well. As no other minerals 
were present in the specimen its paragenesis could not be deter- 
mined further. Probably a very temporary increase in the amount 
of iron in the ascending solutions was responsible for the forma- 
tion of a small amount of triphylite at Buckfield. 

Triphylite has a wider geographical range than lithiophilite. 


2 Brush and Dana. Loc. cit., p. 67. 
2 Graton, L. C., Gold and Tin Deposits of the Southern Appalachians, U. S. 


Geol. Surv., Bull. 293, p. 38, 1906. 
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It has been found at Mount Mica, Stoneham, and Peru, Maine; 
Grafton, New Hampshire; Norwich, Massachusetts; Rabenstein, 
Bavaria; and Keity6, Finland. At several of these localities it is 
associated with spodumene. 


RHODOCHROSITE 


The rhodochrosite of Class III has the pink color typical of the 
mineral. It appears occasionally in distinct, small crystals showing 
the forms M (4041), f (0221), and 2 (2131), but most of it is in 
anhedral masses up to ten centimeters across. A black manganese 
oxide coats much of the material. 

A chemical analysis by Miss Vassar of the Buckfield rhodochro- 
site belonging to this generation follows: 


FeO 2.97 per cent 
CaO trace 

CO: 38.43 

MnO 58.79 


100.19 per cent 


This is the only appearance of a primary carbonate. For a short 
period the proportions of CO2 to P.O; in the ascending solutions 
must have been such that the former displaced the latter as the 
negative radical. 

No specimens could be found containing rhodochrosite and 
lithiophilite adjoining, so the relative age of these two minerals is 
in doubt. Like lithiophilite, rhodochrosite has been partially 
dissolved by subsequent solutions, and replaced and coated by 
later minerals. 

Rhodochrosite is rare among the pegmatites of central Maine. 
A small quantity was found at the Towne quarry, Auburn, and 
at the Berry quarry in Poland. At Branchville this mineral was 
common with the manganese phosphates found there. 


EOSPHORITE 


The long yellow prismatic crystals of eosphorite make it the 
most striking mineral in Class III. A picture of a group of such 
crystals is shown on Plate B. The mineral is orthorhombic with 
the direction of elongation taken as the vertical axis. The faces 
of the prism zone are striated vertically. Forms and habit of the 
crystals are identical with those of the type material from Branch- 
ville, Connecticut. 
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The refractive indices of this eosphorite are as follows: 
a=1.629,8=1.650, y=1.658. 

These are slightly below those given for a higher iron variety 
from Branchville.* 

The ideal eosphorite is a hydrous phosphate of manganese and 
aluminum. It is isomorphous with childrenite, which contains 
iron instead of manganese. A chemical analysis of the Buckfield 
eosphorite by Miss Vassar is given below: 


Si0O2 0.90 per cent 
Al:O3 22.37 
MnO 29.94 
FeO 1.38 
H,O0+ 15.34 
F trace 
P20; 29.89 
99.82 per cent 


Buckfield eosphorite follows lithiophilite in closely approaching 
the theoretical end point of the series. Its content of FeO, 1.38 
per cent, is much lower than that in any of the childrenite-eosphor- 
ite analyses published in Dana or Doelter. The Branchville eosphor- 
ite contained 6.62 per cent FeO. 

With the introduction of eosphorite chemically combined water 
becomes important. This and the succeeding minerals in Class III 
contain fair amounts of water. 

Determination of the relative age of eosphorite is complicated 
by two features of the mineral. One is its strong crystallization 
power which tends to mask its true relationship with associated 
minerals. The other is its unusually high resistance to attacking 
solutions, which have in some instances removed the neighboring 
minerals to such an extent that eosphorite will rest upon and 
appear later than younger minerals. 

Although on the whole eosphorite deposition followed the 
formation of rhodochrosite there was a slight overlap of the two. 
This is shown on one specimen where a large crystal of eosphorite 
started to grow out from a rhodochrosite mass only to have the 
latter add a little to its size, burying the stump end of the eosphor- 
ite crystal a fraction of an inch. This and other examples of 


23 Larsen, E. S., The Microscopic Determination of the Non-opaque Minerals, 
U.S. Geol. Surv., Bull. 679, p. 72, 1921, 
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eosphorite crystals lying on and growing out from rhodochrosite 
masses prove the slightly later age of eosphorite. 

Known localities for eosphorite outside of Buckfield are limited 
to Branchville, Connecticut, and Poland, and Hebron, Maine. 
Specimens from Hebron have been called childrenite, but after 
an optical study Larsen stated that the mineral was probably 
eosphorite. Childrenite has been found at Mount Mica and at 
four English localities, one in Cornwall and three in Devonshire. 

Eosphorite from Mount Mica has not heretofore been described. 
Specimens in the Harvard laboratories contain this mineral in 
small radiating needles coated by dahllite. It is embedded in 
massive siderite. Under the microscope the Mount Mica eosphorite 
is pale yellow green, whereas the Buckfield material is colorless. 
The color and slightly higher indices show that the Mount Mica 
eosphorite is higher in iron than that from Buckfield, but it is not 
childrenite because the axial angle for violet is greater than that 
for red. 


FAIRFIELDITE 


Straw colored plates here and there among the Class III minerals 
were found to consist of small crystals of fairfieldite. These are 
triclinic, have one perfect cleavage, and in thin plates are ab- 
solutely colorless and transparent. 

Crystals of simple form were seen but proved to be too dull 
for measurement. The largest crystal, shown in Plate III, A, 
and nearly 3 centimeters long, is entirely coated with dahllite. 

Fairfieldite from the zone of oxidation is white and opaque and 
often coated with manganite. The nature of the alteration may 
be seen under the microscope. A white opaque mineral which may 
be kaolin has commenced to attack the fairfieldite, working first 
along the cleavage cracks and from them laterally into the mineral. 
Sometimes a yellowish to olive green alteration product is present 
but chemical and optical tests on this mineral were hopelessly 
complicated by the unfailing presence of residual fairfieldite. 

The refractive indices on the Buckfield fairfieldite were deter- 
mined as follows: a=1.633, B=1.641, y=1.652. 


** Drugman, Julien, On Childrenite from Crinnis Mine. Cornwall, and Eosphorite 
from Poland, Maine. Mineral. Mag., 1915, pp. 193-201. The Poland eosphorite con- 
tained 5.55% FeO and showed the same forms as are found at Buckfield. 
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PratTe III 


A. Dahllite coating various minerals of Class III. The large coated crystal 
in the center is fairfieldite. The stalactite-looking forms are crystals of eosphorite 
coated with dahllite. Buckfield. 


B. A crust of lepidolite. Formerly a vein, this fragment has been isolated by 
the solution of the host. The crust is under 3 millimeters in thickness. Note the 
exceedingly thin secondary veins projecting from the much larger main vein. 
Buckfield. 
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Fairfieldite is a hydrous phosphate of calcium and manganese, 
with iron generally replacing a little of the manganese. The iron 
in the Buckfield material was very low. An analysis by Miss 
Vassar follows: 


SiO, 1.07 per cent 
FeO 1.00 
CaO 29.77 
H,0+ 9.94 
P20; 37.79 
MnO 19.68 


99.25 per cent 
The lowest percentage of iron in previously analyzed fairfieldite 
was 3.42 per cent, in a specimen from Branchville. 

This is the only appearance in Class III of calcium in more than 
a trace. In fact, fairfieldite is one of the few minerals in the entire 
suite to contain this element. The calcium that was present in the 
ascending solutions during the other periods was usually taken 
care of by apatite, which does not appear in Class III. 

Fairfieldite was deposited after eosphorite. In some instances 
eosphorite crystals cut through fairfieldite and appear later in age, 
but a close examination shows that the cleavage directions in the 
fairfieldite on opposite sides of the eosphorite are never parallel. 
The latter does not divide single individuals, but merely lies 
between separate crystals, of later age. 

The type locality for fairfieldite is Branchville, Connecticut. 
Sandberger described an occurrence of this mineral, first under the 
name of leucomanganit, at Rabenstein, Bavaria.” Oberpfalz, 
Germany, is another reported locality. 

REDDINGITE 

Reddingite, a rose pink to reddish brown mineral, crystallizes 
in octohedroids of the orthorhombic system. It is usually granular, 
and ranks with rhodochrosite as one of the commonest minerals 
in Class III. It may be distinguished from that mineral by its lack 
of cleavage. 

The Buckfield reddingite is pleochroic. This serves to dis- 
tinguish it in the thin section from lithiophilite. It also has a much 
higher birefringence. The indices follow: 


a=1.643. X=colorless. 
B=1.648. Y=pinkish brown. 
y=1.674. Z=pale yellow. 


% Jahrb. fiir Mineralogie, p. 370, 1879, No. 1, p. 185, 1885. 
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The indices of the Branchville reddingite average .008 higher. 
A greater percentage of iron in the latter material probably 
accounts for this difference. 

Reddingite is a hydrous manganese phosphate, 3 MnO, P20s, 
3H.0, and as in fairfieldite a small amount of iron replaces the 
manganese. An analysis of the Buckfield reddingite by Miss 
Vassar is given below: 


Insol.(SiOz) 0.30 per cent 


FeO 2.19 
MgO 0.35 
CaO 0.73 
H,0+ 13.14 
P05 34.54 
MnO 48.15 
99.40 per cent 


The Branchville reddingite contained 4.70 per cent FeO. 

Reddingite is definitely later than all the other minerals in 
Class III. Previous to its deposition the ascending waters became 
active solvents and removed in part the preceding minerals 
(except the extremely insoluble eosphorite) forming cavities which 
later became lined with reddingite. The mineral also replaces, 
as veinlets in the lithiophilite are very common. 

Heretofore reddingite has been known only at Branchville, 
and there in very small quantities. The abundance at Buckfield of 
this rare mineral is remarkable. The very rare crystals found 
with idiomorphic form are identical in habit with the type crystals 
from Branchville. 


MINERALS OF CLASS IV 


Class IV is divided into two periods of mineralization. In the 
earlier period veins of lepidolite were formed in the zone containing 
Class II minerals, while-veins of rhodochrosite were formed in the 
zone of Class III minerals. Both are clearly later than the same 
species with which they are thus associated. The confinement of 
these vein minerals to zones containing earlier deposits of the 
same minerals suggests that they did not result from an influx of 
new material at this stage, but were formed by solution and 
redeposition of material already in place. The waters bringing this 
about were probably hypogene as we know from the presence 
of later minerals that hydrothermal activity had not yet ceased. 
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The later and main period of Class IV mineralization closed the 
hydrothermal activity at Buckfield. It represents a lithia-silica 
phase in the ascending solutions. Cookeite, quartz, apatite and 
herderite were deposited in the order named. The first two appear 
in great abundance. The latter are of very minor importance. 
These four minerals represent a well defined group, and were 
deposited so closely together that they overlapped. 

The vein minerals were deposited largely in fissures through 
earlier minerals. Cookeite and quartz also filled open spaces 
created by the solution of pre-existing minerals. The filling was 
far from perfect, as great porosity exists in the later Class IV 
specimens and in some the open spaces may be measured in inches. 
Volume by volume replacement was less common and was mostly 
confined to the alteration of vein lepidolite into cookeite. 

The Class IV minerals are quite evidently late in age, as shown 
by the cross cutting relationship of the lepidolite and rhodochrosite 
veins and the superimposition of quartz and cookeite on the 
minerals of the earlier classes. In some specimens such typical 
Class II minerals as cleavelandite, lepidolite, and milky quartz 
are coated by cookeite and quartz. 

In other cases removal of earlier minerals was far more complete. 
Often only a few bits of the difficultly soluble minerals are left in 
patches in quartz and cookeite as remnants of an earlier period. 
Lepidolite, columbite, manganotantalite, and kaolinized spodu- 
mene occur in this manner. 

In one specimen quartz and apatite are replacing rhodochrosite 
and amblygonite of Class III. 

A final phase of this sort in the deposition of pegmatite minerals 
is the rule rather than the exception in central Maine. At Green- 
wood it was an outstanding feature. 


LEPIDOLITE 


In Class IV lepidolite occurs exclusively in veins. This habit 
easily distinguishes it from the earlier hydrothermal and magmatic 
types. The veins are lilac in color, and cut minerals of Class II, 
especially spodumene. The separate individuals in the veins are 
very minute. They vary sufficiently in orientation so the vein 
has no well-defined cleavage. 

In the majority of cases the veins have been isolated by the 
complete removal of surrounding minerals. The result is an 
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irregular sheet of massive lepidolite ranging from paper thin up to 
one centimeter in thickness. These are found buried in kaolin in 
the bottom of the pockets. Very often minor veins of much smaller 
dimension extended out from the large veins into cleavage and 
other cracks in the surrounding minerals. In that case a great 
host of excessively thin shelves jut out from the side of thicker 
slabs (Plate III, B). Their rough parallelism suggests that they 
were formerly veins extending into a highly cleavable or platy 
mineral, such as cleavelandite. 

One specimen contains as remnants of Class II mineralization 
a few quartz crystals and many small books of lepidolite. The 
latter are connected to each other by paper thin isolated veins of 
lepidolite. The plane of the vein is at right angles to the plane of 
the basal cleavage in the book lepidolite. Larger veins cut across 
the specimen in a few places. These likewise have a multitude of 
smaller offshoots. The secondary veins all have the same general 
strike, although often joining or diverging down the dip. No trace 
of the mineral or minerals serving as host for this deposition 
remains. 

RHODOCHROSITE 


Small veins of rhodochrosite cut through the minerals of Class 
III. These are obviously later than the massive rhodochrosite and 
phosphate minerals of that class. In many instances the earlier 
minerals have been removed by solution and dike-like forms are the 
result. These isolated veins are roughly parallel to each other 
except for an occasional vein which intersects the others at a low 
angle. 

Deposition of rhodochrosite continued during the period of 
solution of the neighboring minerals and as a result the projecting 
veins are lined with small pink rhodochrosite crystals, showing 
that ascending hot waters dissolved and redeposited rhodochrosite 
over a relatively long period. 


CooKEITE?’ 


Cookeite is an abundant and rather conspicuous mineral at 
Buckfield. Large specimens were obtained coated with brownish 
aggregates of plates shown schematically in Fig. 2. The substance 
is so soft that the slightest touch broke the edges of these plates 
leaving a light yellow mark very much as the hand leaves a mark 


*7 Optical data and sketches of cookeite by R. W. Goranson. 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 391 


when it touches the bloom of a plum. The color also varies to pale 
green and pink. It may readily be distinguished from lepidolite 
by lower refractive indices and positive optical character. Under 
the microscope the plates of cookeite appear hexagonal as in Fig. 3. 
Some of the plates have a uniaxial center, e.g., BEFGHK, but 
others lack this central core. The uniaxial character is probably 
due to the aggregate effect of three plates at 60° to each other, the 
axial angle being largest midway in each segment. For example, 
in the segment ACEB the axial angle is largest at D with the plane 
of the optic axis parallel to the side AC; approaching A the angle 
gets smaller until on the line AB the axial angle is 0, then swings 
60° and becomes parallel to AM, enlarging until it reaches the 
position L. The segments are striated perpendicular to their outer 
edges. The axial angle reaches a maximum of about 80 degrees. 

Some of the plates have narrow rims which are dark colored and 
may be due to an alteration of cookeite. One of these borders was 
large enough to note that the index was slightly less than the index 
of the cookeite. 


AW / 


Fic. 2. Cookeite. 


The indices of cookeite, determined by daylight, are: a=1.576 
+.003; B=1.579+.003 (seems to be constant in value); y=1.597 
oT OUa. 

The cookeite was separated by heavy solutions for analysis. 
The specific gravity of the clean sample was then determined by 
the pycnometer as 2.670; (according to Brush the sp. g. is 2.70, 
according to Penfield 2.675). 

Chemically cookeite is very similar to lepidolite. The chief 
differences are a greater percentage of water and correspondingly 
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Fic. 3. Basal plate of cookeite showing optical observations and pseudo- 
hexagonal habit. 


smaller amounts of fluorine and potash in cookeite. An analysis of 
Buckfield cookeite by Miss Vassar follows: 


SiO2 34.81 per cent 
Al,03 45.90 

Fe203 0; 72 

CaO trace 

Na,O\ ~ 

K.0 J 0,52 

H,O+ 14.87 

F 0.13 

MnO trace 

Li,O 3209 


100.54 per cent 


The green cookeite often occurs lining solution cavities and 
cleavage faces in microcline. Later quartz crystals rest upon the 
cookeite. Plate I, A pictures a cavity coated in this manner. 
Solution and removal of microcline coated by quartz and cookeite 
may leave behind a mass of empty shells. Plates IV, A, and IV,B 
illustrate two stages in this process. Lepidolite, cleavelandite, 
and early hydrothermal quartz minerals of Class II are all coated 
locally with a later incrustation of cookeite. In one specimen 
cookeite had replaced spodumene, preserving the structure of that 
mineral. 


Prate IV 


A. First stage of cookeite-quartz mineralization. White masses of microcline 
(best seen at lower right) becoming coated with cookeite and quartz. Buckfield. 


B. Last stage of cookeite-quartz mineralization. Crusts of cookeite and quartz 
alone remain. Microcline and other older minerals have been completely removed. 


Buckfeeld. 
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A great deal of cookeite is disseminated through and intergrown 
with the quartz of Class IV. Here it is usually pink or yellow, 
sometimes cream colored. It is on the whole earlier than the 
quartz, and appears to be undergoing replacement by quartz in a 
few places. 

One other occurrence of cookeite was observed at Buckfield. In 
this the isolated veins of lepidolite previously described have been 
partially altered into cookeite. Sometimes the secondary veins 
are completely altered, while the outer edges only of the main 
vein will be changed from lepidolite to cookeite. This is alteration 
in situ, cookeite resulting from hydration of lepidolite. 

Cookeite is usually considered an alteration product of either 
tourmaline or lepidolite. Examples of the alteration of tourmaline 
into cookeite are rare at Buckfield, but this change is well shown 
in specimens from Hebron and Mount Mica. Alteration, or 
hydration, of lepidolite into cookeite has just been described. 
But there is much cookeite at Buckfield and elsewhere in central 
Maine that cannot be accounted for by either of these processes. 
Bastin*® says, in referring to cookeite: ‘‘Abundant as a coating in 
most of the pockets in the coarser pegmatites. Not an original con- 
stituent, but secondary and due to water deposition.” But, much 
of the Buckfield cookeite is definitely earlier than the abundant and 
intimately associated quartz, which is in turn earlier than apatite 
and herderite. It would seem then that this cookeite is of hydro- 
thermal origin. The low temperatures prevailing during this final 
period of hypogene deposition permitted the formation of cookeite 
rather than the less hydrous lepidolite. 


QUARTZ 


Quartz is the commonest mineral in Class IV. Some large 
masses resulting from this period of deposition consist of over 
ninety percent quartz. The crystals themselves are small, never 
exceeding two and a half centimeters in length. They are clear 
and absolutely colorless. Even the most massive specimens are 
extremely porous, as the crystals do not fit together very closely. 
These large quartz aggregates, consisting of a multitude of small 
individuals, are pink and yellowish in color, due to the presence of 
flakes of cookeite throughout the mass. 


28 Bastin, E. S., Geology of the pegmatites and associated rocks of Maine 
U.S. Geol. Surv., Bull. 445, p. 16, 1911. 
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The clear and colorless character and the small size of the quartz 
crystals usually distinguish them from those belonging in Class II. 
The latter are more often milky than colorless. When they are 
colorless distinction must be made on a basis of association. The 
practically invariable presence of cookeite is a good criterion of 
later age. 

Sometimes the quartz crystals of Class IV project in parallel 
groups, from thin shelves. The latter are likewise parallel to each 
other and are usually composed of finer grained quartz. They may 
also contain cookeite, especially toward the center of the slab. 

Specimens illustrating this structure represent the last of a 
sequence of interesting events. In the first place a pocket was 
formed containing the typical minerals of Class II, such as lepi- 
dolite and cleavelandite. Further hydrothermal activity brought 
about the formation of lepidolite veins, connecting the lepidolite 
books. The roughly parallel structure of these veins may have 
been due to the platy character of minerals traversed, such as 
cleavelandite. Whatever the host it was soon removed by the 
dissolving activities of the ascending solutions. Lower tempera- 
tures and quantities of water brought about the hydration of the 
vein lepidolite into cookeite. Then silicification became dominant 
and the cookeite was partially or wholly replaced by quartz. From 
lepidolite to cookeite to quartz, then, is the history of some of these 
veins. During and after their last replacement they served as a 
base for many quartz crystals growing laterally into the open 
spaces between the shelves. 

Silicification as a final stage in pegmatite mineralization had a 
much greater development at Greenwood, and has been noted 
as an important phase at Auburn. 


APATITE 


Apatite is unimportant among the minerals of Class IV at 
Buckfield. It is very clear, and pale green or light blue in color. 
Crystals are characteristically tabular parallel to the base, and 
show the forms m(1010), *(1011), r(1012) and s(1121). 

Class IV apatite is distinguished from earlier types by its habit 
and associations. It commonly lines cavities in the cookeite-quartz 
aggregates and where these cavities are tabular in shape the crusts 
on the opposite walls meet and simulate a vein. The pegmatites 
at Mount Apatite and Greenwood have produced many beautiful 
specimens containing apatite of this type. 
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HERDERITE 


But few herderite crystals were found associated with the Class 
IV minerals. These were small, light brown, and clear. The herder- 
ite of Class II was translucent rather than transparent. 

Where found herderite was always associated with apatite in 
small openings in the cookeite-quartz masses. 


MINERALS OF CLASS V 

Most of the minerals in the last group cccur as bristles, stalac- 
tites, crusts, or films associated with open spaces. They are 
without doubt secondary as in every case they consist of elements 
obtainable very near at hand and their method of deposition is 
typical of minerals formed by ground water activity. Many of the 
minerals themselves are characteristic of supergene deposition. 

Due to their secondary origin these minerals are found scattered 
throughout the pegmatite wherever the parent primary minerals 
are intersected by the zone of oxidation. Thus certain amounts of 
kaolin may be found where microcline, belonging to Class I, lies 
close to the surface. Kaolin also results from the decomposition 
of spodumene, a Class II mineral. Cleavelandite, of the same 
class, is prone to alter into montmorillonite under near-surface 
conditions at Buckfield. The greatest variety of secondary 
minerals is found where the Class III minerals reach the zone of 
oxidation. The presence in the primary minerals of this class of 
MnO, P20; and CO; has been responsible for the formation of 
psilomelane, manganite, an unknown manganese phosphate, 
rhodochrosite, and dahllite. 

Owing to the scattered positions in the pegmatite of the second- 
ary products no sequence of mineralization can be applied to the 
class as a whole. It is probable that more than one mineral was 
being deposited in different places at one time. A fairly definite 
sequence for the Class III secondary products is possible, however. 
Several specimens show psilomelane altering into manganite. 
Likewise manganite alters to an unknown manganese phosphate. 
Rhodochrosite is later than manganite, but dahllite was formed 
before it. 

KAOLIN 

A surprisingly small amount of the Buckfield feldspar is kaolin- 
ized. But spodumene was very susceptible to this alteration and 
fresh pieces of spodumene are rare. Many more specimens are 
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found in which this mineral has been completely kaolinized. 
Usually the original structures of the spodumene are preserved, 
giving a true pseudomorph of kaolin after spodumene. Lepidolite 
veins formerly cutting spodumene crystals are found buried in a 
mass of kaolin in the pocket debris. 

Other minerals sometimes incipiently altered to kaolin are 
amblygonite, fairfieldite, cleavelandite, and topaz. 


MONTMORILLONITE 


Cleavelandite in the zone of oxidation is sometimes found 
partially altered to a pink, clay-like substance. This is one of the 
clay minerals, known as montmorillonite. The bright pink color 
of the fresh material pales upon exposure, probably due to partial 
dehydration. 

Under the microscope this material is seen to consist of an 
irregular aggregate of small scales or plates. The mineral is 
colorless in very thin plates, but becomes pink and opaque with an 
increase in thickness. Optical data are: Biaxial negative, 2V= 
almost 0, 6@=1.513. 

Montmorillonite is a very indefinite species. The optical data 
above more nearly coincide with those given for leverrierite,?® 
another hydrous aluminum silicate. 


PSILOMELANE 


Hard, black botryoidal crusts coating rhodochrosite proved to 
be psilomelane. This mineral is limited in its occurrence to the 
zone of weathering and even there it is quite subordinate to 
manganite, with which it is associated. The primary mineral 
from which psilomelane was derived was usually rhodochrosite. 


MANGANITE 


Manganite is one of the commonest of the secondary minerals. 
It is widespread in the surface zone, even forming a fine film on 
quartz and cleavelandite. Thicker deposits are found on the 
minerals actually undergoing alteration, such as rhodochrosite 
and lithiophilite. In a very few specimens manganite coated 
psilomelane, preserving the botryoidal character of that mineral. 
In this case it was quite evidently derived from psilomelane, but 
it is very doubtful that all the manganite passed through a 


*® Larsen, E. S., The microscopic determination of the non-opaque minerals, 
U.S. Geol. Surv., Bull. 679, p. 245, 1921. 
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psilomelane stage. In one instance the alteration about the edges 
of dahllite into manganite was observed. 


RED MANGANESE PHOSPHATE 


In a few specimens botryoidal surfaces of manganite (pseudo- 
morphous after psilomelane) were coated by a thin, velvety, brick 
red crust. The latter very evidently resulted from alteration of 
the manganite, as the radiating fibers forming the rounded surface 
are red on that surface, but darken toward the interior, where they 
become indistinguishable from the black manganite. 

The fibers are extremely fine, and so soft and brittle that they 
powder immediately when an attempt is made to work with the 
material. The quantity present was insufficient for a chemical 
analysis. A bead test proved the presence of manganese, also a 
phosphate reaction was obtained with ammonium molybdate. 

Microscopic examination was hindered by the small size of 
the particles and their platy character. The mineral is biaxial and 
probably negative. The plates due to a good cleavage are perpen- 
dicular to X. Further optical data follow: 


a=1.71, 2V=large; 
6=1.73, Y=yellowish brown; 
y=1.74, Z=deep red brown. 


It was at first thought that the mineral might be sicklerite, a 
hydrous lithium manganese phosphate. The indices of both lie 
between 1.71 and 1.75. Likewise, the pleochroism is somewhat 
similar for both. But comparison with the type sicklerite from 
Pala, California, brought out the following differences: 1. Bire- 
fringence greater for sicklerite. 2. Sicklerite gives good lithium 
flame, while unknown gives none. 3. Sicklerite readily soluble in 
nitric acid. Unknown but difficultly soluble. 4. Sicklerite is much 
harder. 

RHODOCHROSITE 

Ground water activity at Buckfield produced a third generation 
of rhodochrosite. In Class III this mineral appeared in masses, 
in Class IV in veins and druses, and in Class V in minute bristles 
or quills projecting out from the surfaces of earlier minerals. 
These much elongated crystals vary in color from white to bright 
yellow. A few may be seen in Plate II, B. 

The commonest primary minerals coated are rhodochrosite and 
reddingite. One small crystal of rhodochrosite has a pompadour 
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of white secondary bristles. These project upward from about the 
top of a steep rhombohedron on the primary crystal. The secon- 
dary rhodochrosite fibres are parallel in crystallographic orientation 
to the host. 

These white or yellow quills of rhodochrosite are without doubt 
supergene in origin. They were deposited even after the man- 
ganite. In one specimen a somewhat spherical mass of manganite 
is covered with secondary rhodochrosite fibers like spines on a burr. 


DAHLLITE 


Dahllite, a calcium phosphate-carbonate, appears in yellowish 
green crusts coating various minerals of Class III. The coating is 
most striking when eosphorite is the host. Prismatic crystals of 
that mineral are often completely covered and the terminations 
rounded off, so that pseudostalactites result. Solution remnants of 
fairfieldite and rhodochrosite are similarly coated by crusts of 
dahllite. These may be seen on Plate III, A. 

Under the microscope the yellowish green crusts are seen to 
consist of parallel fibers normal to the surface. The mineral is 
uniaxial and negative, and the optical properties of the Buckfield 
material checked up quite closely with published data on dahllite.*° 

A minor occurrence of dahllite was noted in some of the rhodo- 
chrosite specimens. Instead of well-defined fibers dahllite here 
appeared in excessively minute yellowish particles replacing 
rhodochrosite. The fibrous dahllite seems to be merely a crust, 
resulting from ground water deposition on any handy mineral. 
On the other hand some dahllite replaced rhodochrosite, but 
without the production of fibers. At Mt. Mica dahllite was also 
observed as a dark green coating on eosphorite. The prismatic 
habit of the latter mineral produces pseudostalactites of dahllite 
similar to those at Buckfield. 

Certain specimens from Auburn in the Harvard mineralogical 
laboratories contained a mineral in small but well defined white 
rosettes which coated earlier minerals. Optical and chemical 
study proved the unknown to be francolite, a carbono-phosphate 
of calcium which is chemically very similar to dahllite, but contains 
fluorine and differs from that mineral in being biaxial. 


*9 Larsen, E. S., Loc. cit., p. 196. 
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GREENWOOD 

The Greenwood deposit is located well up on the western flank 
of Noyes Mountain. A zigzag trail makes the steep ascent from 
valley to quarry floor. The slope of the ground is such that waste 
material which has been thrown over the dump is strewn down 
several hundred feet of mountain side. 

The country rock in which the pegmatite is intruded is a mottled 
green gneiss. The individual grains are small but the gneissic 
bands themselves are wide. The green color is due to the prepon- 
derance of pyroxene. Other important minerals visible in the thin 
section are chlorite, quartz, and oligoclase. 

The pegmatite dike cuts across the bands of the gneiss. Its 
outcrop runs along the brow of the hill for many yards, strikes 
N 60 W, and dips very steeply into the hill. The outcrop averages 
ten feet in width, but in one place it is much wider. Here an 
off-shoot of the main vein into the gneiss produces a total width for 
the pegmatite of about thirty feet over a short distance. 

The quarrying operations were mostly confined to this local 
swelling in the pegmatite. This was worked by an open cut 
extending from the steeply sloping ground surface back through 
the pegmatite to the hanging wall. Successively lower floors 
penetrated the mass deeper and deeper, and farther and farther 
in from the surface. When operations ceased in 1923 the floor at 
the hanging wall was about thirty feet vertically and horizontally 
from the original ground surface. The open cut is somewhat 
V-shaped, diminishing in width from about fifty feet at the top 
to fifteen feet at the floor. 

Two types of texture in the Greenwood pegmatite are very 
apparent. Away from the swelling the minerals, although coarse, 
are tightly intergrown. Specimens from these parts are massive, 
with no open spaces visible. On the other hand the portions of the 
pegmatite within and neighboring the offshoot are extremely 
porous. Pockets are common and where these are lacking the 
material is replete with smaller cavities. 

The history of the mineralization at Greenwood is very similar 
to that at Buckfield. The first phase was the intrusion of the 
pegmatite magma, but at Greenwood there is no proof that this 
magma reacted with the wall rock. No xenoliths of gneiss were 
found in the pegmatite. The contacts are clean cut. The deposit 
is dike-like in form, and it was dike-like in its manner of intrusion. 
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The solidification of the pegmatite magma produced one group of 
minerals. Here occur feldspar, quartz, and other minerals making 
up the main mass of the pegmatite. 

As at Buckfield, liquids discharged during the crystallization of 
successively lower portions of the magma flowed upward, dissolv- 
ing and depositing as they did so. They did not confine themselves 
to the outlines of the original pegmatite but extended their 
activity out into the gneissic country rock. This produced the 
bulge or swelling in the dike previously described. 

But two phases in hydrothermal activity may be recognized 
at Greenwood. The first of these was exactly the same as at Buck- 
field. This was a silica-sodium-rare element phase, producing such 
minerals as quartz, cleavelandite, lepidolite, tourmaline, caesium 
beryl, etc. Buckfield’s Class III, resulting from a lithium- 
manganese-phosphorus phase, is lacking. Not a mineral of that 
suite, with the exception of amblygonite, has been found at 
Greenwood. The fourth class, however, was extraordinarily well 
developed here. At Buckfield this was a lithium-silica phase. 
At Greenwood phosphorus must be added to the list, for apatite 
is present in abundance along with cookeite and quartz. 

Supergene activity produced but few minerals. The most 
interesting of these is kaolin formed from amblygonite in nodules. 


MAGMATIC PHASE 


The magmatic phase of the Greenwood pegmatite produced 
much the same mineral association as at Buckfield. The major 
constituents are white and pink microcline in anhedrons under a 
meter across and gray to colorless quartz. Large books of musco- 
vite up to sixty centimeters across and a centimeter thick are 
common at Greenwood but were not found at Buckfield. Trans- 
parent to opaque green beryls are found but are less abundant than 
at Buckfield. The largest crystal found in 1923 was fourteen 
centimeters across and ten long. Black tourmaline and dark green 
manganapatite are similar in character and occurrence to those 
at Buckfield. Small red garnets are concentrated in layers parallel 
to the walls of the pegmatite as they commonly are in other such 
deposits. A thick layer is next the footwall; a thinner layer below 
the hanging wall has garnet, black tourmaline and microcline. 
Arsenopyrite in widely scattered small anhedrons is rare. 
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First HyDROTHERMAL PHASE 


The magmatic phase was succeeded by two hydrothermal phases. 
The first of these was characterized by large amounts of silica, 
resulting in the formation of many quartz crystals; sodium, which 
combined with silica and aluminum to form albite; and several 
rare elements such as glucinum, boron, caesium, lithium, colum- 
bium, which entered into a variety of minerals. 

As at Buckfield cavities were formed by dissolving activity on 
the part of the ascending solutions. One pocket was three meters 
long and several pockets a third of a meter to a meter in diameter 
were found. Many of the cavities were completely lined with 
hydrothermal minerals, in others massive quartz formed a part 
of the wall. 

Very little difference exists between Greenwood and Buckfield 
in regard to the minerals produced during this period. At both 
localities quartz, cleavelandite, and lepidolite predominate over 
the other minerals of this class. Of the minor minerals tourmaline 
and spodumene were more abundant at Greenwood than at 
Buckfield. On the other hand some of the rarer minerals at 
Buckfield do not appear at Greenwood. 


QUARTZ 


A great variety of quartz crystals, and some magnificent speci- 
mens, have been quarried at Greenwood. These have been found 
either lining the cavity walls or loose in the pocket sand. Crystals 
vary in length from one to thirty centimeters. The large crystals 
are usually milky, the smaller ones clear or smoky. Many small 
pockets were barren save for one or two small clear or smoky quartz 
crystals. In the larger pockets groups were the rule. Some of these 
consist of several odd sized crystals in irregular orientation. 
Others, of truly spectacular appearance, consist of a parallel 
aggregate of smoky or milky quartz crystals (Plate VII, B). 
Besides the uniform orientation, these individual crystals are 
remarkably consistent in size. They vary from one to four centi- 
meters in length, over an entire specimen, but any two adjacent 
crystals are usually quite similar in size. These parallel groups 
may be frozen on to massive quartz of the pocket wall, or they 
may cluster on a single large quartz crystal. In the latter case 
crystallographic directions in the individuals of the aggregate are 
parallel to similar directions in the host. In some instances the 
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large crystal is incompletely developed on one side, and a multitude 
of smaller crystals have so arranged themselves as to tend to 
complete the crystal form. 

The separate crystals in a cluster usually merge together on 
prism faces. Sometimes the groups are tabular, due to addition in 
one plane only. At other times growth has been in all directions, 
and striking turret-like forms are the result. 

There is some evidence that the earlier crystals to form were 
milky in color, and the later ones smoky. In some instances 
smoky crystals give way to milky crystals as one penetrates into 
the cluster. One slab two feet long is covered by a host of small 
parallel quartz crystals. Those on the outside are smoky, but 
farther in they become milky. 

The ascending solution deposited quartz over rather a long period 
as shown by the succession of clusters on many specimens. 


OTHER MINERALS 


The cleavelandite at Greenwood does not differ from that found 
at Buckfield. It is typical of early hydrothermal activity at both 
localities. Large masses were found in and about the pockets in the 
pegmatite. 

Lepidolite was formed during one period only at Greenwood. 
Here it occurs either in beautiful lilac colored books up to one 
centimeter wide and an equal thickness, or in massive aggregates 
of fine plates, lavender, white, or even pale green in color. Some of 
these aggregates were thirty centimeters or more through. Both 
types of lepidolite are commonly associated with cleavelandite. 

Tourmaline likewise has two modes of occurrence. It is some- 
times found in green crystals radiating rather irregularly from the 
pockets. Although fairly clear these crystals are never gem 
worthy. Most of the individuals are from five to eight centimeters 
long, but an occasional one is twice that length. Later silicification 
has in most cases partially destroyed the crystals. In the second 
occurrence tourmaline appears in green transparent crystals. 
When found these are usually loose in the pocket sand. Some 
are doubly terminated and thinner than a needle. As at Buck- 
field many of the pocket tourmalines are gem worthy. 

The largest specimen of spodumene collected at Greenwood is 
fifteen centimeters wide and thirty long and this is but a fragment 
of a larger piece. The mineral is decidedly replacive, exhibiting an 
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PLATE V 


A. Amblygonite nodule. White core is amblygonite, surrounded by vari- 
colored crusts of kaolin. Greenwood. 


B. Amblygonite nodule sawed in two. Note fairly sharp contact between 
amblygonite core and kaolin rim. Greenwood. 
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irregular contact toward the older magmatic minerals. It is pale 
green, and some pieces are translucent. Kaolinization is incipient 
only. 

Amblygonite occurs in very striking forms. One crystal found 
by Mr. Noyes and shown in Fic. 4 is a complete individual 15 cm. 
long, 8 wide and 5 thick. It is flattened parallel to the dome 
h(101) and shows the forms c(001), a(100), 2(120), h(101), and 
e(021). Most of the amblygonite however occupies the centers of 


Fic. 4. Amblygonite crystal. 


nodules composed of alteration products in concentric arrange- 
ment. Six or more of these remarkable specimens were obtained, 
the largest an oval mass about fifteen centimeters in diameter. 
Some of them were completely altered to kaolin or sericite and are 
described in detail on a later page. Others show a core of fresh 
glassy amblygonite with polysynthetic twinning. The boundary 
of the amblygonite towards the crust is irregular but the bands of 
the crust are sharp and smooth, each a few millimeters thick and 
variously colored dull green, brown and white. The nodules are 
either embedded in lepidolite and cleavelandite or in a mass of 
pure white plastic kaolin. Plates V, Aand V, B show two of these 
nodules, one having been sawed through the center to reveal its 
structure. 

Cassiterite was found sparingly, in part in irregular masses or 
stout pyramidal crystals embedded in cleavelandite, in part in 
crystals of unusual form attached to a surface of cleavelandite 
plates. One of these crystals is shown in Frc. 5 and is remarkable 
in showing practically only a ditetragonal pyramid as its bounding 
form, doubly terminated and as symmetrically developed as a 
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model. The largest of these crystals was not more than four milli- 
meters across. The same rare form, u (766) is shown in a somewhat 
similar figure by Jeremejew, of cassiterite from Siberia reproduced 
in Goldschmidt Atlas der Krystallformen Vol. IX, plate 89, 
figure 227. 


Fic. 5. Cassiterite 


Other minerals of the pocket zone at Greenwood are pale green 
to colorless beryl, mostly deeply etched, rare embedded crystals of 
dark green gahnite or zinc spinel, columbite in masses up to a 
centimeter across, and herderite, bertrandite and hamlinite, the 
last three in minute amount only, in implanted crystals. 


SECOND HyDROTHERMAL PHASE 


The second and last hydrothermal phase was characterized by 
enormous amounts of silica, with smaller amounts of lithium and 
phosphorus. As a result quartz is the outstanding mineral. 
Cookeite and apatite are common, but are quite subordinate 
quantitatively. The minerals resulting from this period of activity 
are confined to the swelling in the pegmatite, and in many portions 
of this zone their deposition has been accompanied by the absolute 
obliteration of earlier minerals. Cookeite was deposited with 
quartz, but apatite is distinctly later. Its single crystals and 
druses rest upon quartz and cookeite. 


QUARTZ AND COOKEITE 


Many of the quartz-cookeite specimens from Greenwood are 
indistinguishable from those found at Buckfield. The quartz 
crystals are small and colorless or milky. Cookeite appears in 
scales and flakes disseminated through the quartz aggregates. It 
varies in color from white to pink. 
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The first quartz to be deposited formed as druses on pre-existing 
minerals. If crystals were available these were completely coated 
by a layer of small remarkably uniform quartz crystals. At other 
times this coating was deposited on mineral aggregates, or as a 
lining on the walls of solution cavities. Deposition was accom- 
panied and followed by intense dissolving activity. In every case 
the material coated was removed. If the host was an euhedral 
crystal the coating retained the outline of that crystal. Some- 
times, instead of being coated, the original mineral was completely 
replaced by fine grained quartz and cookeite. These two types of 
pseudomorphs are described and discussed under a separate 
heading. But, if the host was an ill-defined aggregate merely an 
irregular crust resulted from its removal. Many specimens of both 
pseudomorphs and crusts were found in the cavity zone of the 
pegmatite. 

Quartz and cookeite continued to be deposited after much of 
the pre-existing material had been dissolved and removed. Having 
a great abundance of space at its disposal this quartz merely piled 
up on itself, its individuals assuming little or no similarity in 
orientation. It is this type of aggregate that gives certain portions 
of the pegmatite their high porosity. 


QUARTZ PSEUDOMORPHS 
CHARLES PALACHE AND K. K. LANDES 


The quartz pseudomorphs taken from the Greenwood ledge 
in numerous specimens by Mr. Noyes when the large pockets were 
first opened are among the most interesting minerals which it 
yielded. They are of two types and both were described by 
Warren,*! the one as a pseudomorph after phenacite, the other as 
after topaz. It was largely in the hope of solving the riddle of their 
nature that ownership of the Greenwood ledge was secured for the 
Harvard Museum and the later excavation there carried on. 
Many new specimens of both types were then secured but none 
approaching the beauty of the early groups; nor was the hope of 
finally determining their nature fulfilled although a new interpre- 
tation is offered on a later page. 

According to Mr. Noyes the large pocket (see pages 363 and 400) 
was completely encrusted either with quartz crystals or with the 


31 Warren, C. H. Mineralogical Notes. Am. J. Sci., vol. 6, 119, 1898. 
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hollow pseudomorphs or both. He saved many single specimens 
and large slabs showing groups such as are reproduced in Plate VI. 
During our quarrying hundreds of specimens showing broken or 
imperfect pseudomorphs of the same kind were thrown over the 
dump. They vary in size from a centimeter or less in diameter to 
more than half a meter. Whatever the primary mineral may have 
been it was certainly developed in very great abundance in all the 
cavernous parts of the ledge. Of the embedded, solid pseudomorphs 
only a few have been found. The largest, described by Warren and 
now in the Harvard collection, has a diameter of about thirty 
centimeters and weighs twenty-eight pounds. 

The two types of quartz pseudomorphs, one due to replacement 
and the other to incrustation, also differ from each other crystallo- 
graphically. Two minerals, then, played the part of host. No 
traces other than external form remain of either of these original 
minerals, but some of the pseudomorphs contain cleavelandite, 
which was evidently replacing the missing minerals. Both types of 
pseudomorph have been found on the same specimen. It is evident 
that the original minerals were associated together and preceded 
cleavelandite in formation. However, their euhedral form and 
aggregate arrangement point toward deposition in open spaces, 
rather than crystallization from the primary pegmatite magma. 
The canclusion is that the original minerals of the pseudomorphs 
were deposited rather early during the first hydrothermal period. 

Examples of the replacement type of pseudomorph are shown in 
Plate VI, A and will be described first. These are composed of fine 
grained quartz and cookeite with an occasional remnant of 
cleavelandite. Crystal faces are plentiful and definite. Five 
specimens of this type of pseudomorph have been found, and the 
same groups of faces occupy each. 

The form is a cube, with each corner truncated by three faces 
of the trapezohedron (211). The angles check as closely as could be 


Contact Measurements of Quartz Pseudomorphs. 


Measured Theory for Warren 
isometric crystal 
001 to 100 90° + 30’ 90° oe 
001 to 112 Sey sect! 35°16’ S3n 
112 to 121 34° + 60’ 33°3314’ 36° 
112 to 112 49° 48°1114’ 50° 


112 to 2II 62° 60° 60° 


A. Quartz pseudomorphs after analcite (?) showing the forms a(100) and 
(211). Embedded in fresh microcline. 


B. A group of hollow quartz pseudomorphs after heulandite (?). Also parallel 
quartz crystals grouped on two large milky quartz crystals. Greenwood. 
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expected when one considers the rough surfaces involved. The 
maximum error is about two degrees. When the form is set up 
correctly its character is unescapable. 

The smallest cube among these pseudomorphs is two inches, 
the largest is nine. The latter specimen contained three of these 
nine-inch cube faces, with the corner formed by their junction 
truncated by three smaller trapezohedron faces. Other trapezo- 
hedron faces marked other corners. 

Under the impression that the form was rhombohedral Warren*? 
described the original mineral as phenacite, but the definite iso- 
metric character of the pseudomorph rules out this mineral. 

The most plausible guess as to the original mineral is analcite. 
This is supported by the following facts: 

1. It is the only known mineral of exactly similar habit. One 
crystal of analcite in the Holden collection from the Tyrol is a 
perfect model of the pseudomorph. On page 596 of Dana’s System 
of Mineralogy a drawing of an analcite crystal (Fig. 3) from the 
Cyclopean Islands (near Catania, Sicily), could just as well be 
labelled a pseudomorph from Greenwood. 

2. The original mineral was deposited during the first hydro- 
thermal period when we know the solutions were sodic. 

3. Although hydrous and a zeolite, analcite is known elsewhere 
as an igneous mineral, so temperature considerations cannot rule 
it out here. 

Points unfavorable to the analcite hypothesis are: 

1. The large size of the pseudomorphs. Nine inch cubes as 
opposed to three inch crystals from the Tyrol. 

2. Analcite is more often associated with rocks of intermediate 
or basic character. 

No other possibilities suggest themselves; the cube precludes 
garnet, the trapezohedron precludes fluorite. 

The second type of pseudomorph resulted from incrustation by 
drusy quartz, followed by the solution and removal of the host. 
Pictures of this type are given on Plate VI, B. Some are hollow, 
others are partially filled with later quartz or earlier clevelandite. 


% Loc. cit., p. 120. Warren’s figure (idealized for phenacite) may be found also 
in Appendix I, Dana, System of Mineralogy, p. 53. According to our interpretation 
the faces lettered p are the cube faces, all the others are faces of the trapezohedron, 
The rhombohedra! aspect of the crystal is due to setting up the cube with a diagonal 


as vertical axis. 
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The form is prismatic, terminated bluntly by faces at ninety 
degrees to the axis of elongation. The end faces, giving the cross- 
section of the form, are sometimes diamond shaped, at other times 
six-sided. The apparent orthohombic symmetry in many of the 
forms suggested to Warren that the original mineral was topaz.* 

Other specimens, however, appear to have but one plane of 
symmetry, and that at right angles to the axis of elongation. If 
that is true the pseudomorphs are monoclinic, and consist of side 
pinacoid, base, and positive and negative orthodome. 

Attempted measurements of the angles produce a variety of 
results. Contact methods only are available and any respectable 
degree of accuracy is prevented by the extremely rough nature of 
the surfaces involved. However, even with the eye, a rather wide 
divergence of angles may be noted. The acute angles about the 
end faces of the different pseudomorphs vary between 28° and 57°. 
Any theory as to the original mineral will have to allow for this 
wide variation. 

The suggestion is made that the host for the incrustation was 
heulandite, elongated parallel to the 6 axis. Arguments in favor 
are: 

1. Crystallographic similarities. The side pinacoid, base, and 
positive and negative orthodomes are very important forms in 
both. In some of the best developed pseudomorphs the angles 
match very closely with those given for heulandite which is often 
pseudo-orthorhombic in form. Oscillatory combination of ortho- 
dome faces known on heulandite would well account for the variety 
of angles in the pseudomorphs. Furthermore the inside of the crust 
is often striated parallel to 6, as it would be if the crystal faces on 
which deposition took place were so striated. 

2. The close association with another zeolite, analcite. 

Unfavorable points are: 

1. Large size of pseudomorphs. The side pinacoids on the 
largest specimens measure five to ten centimeters, and the } axis 
is 15 centimeters in length. 

2. Elongation parallel to 6 is an unusual habit for heulandite. 

3. This mineral occurs more commonly associated with less 
acidic rocks. 

Another possibility is bertrandite, a hydrous beryllium silicate 
which is found associated with beryl in pegmatites. Its crystal 

Soca ciiyup. Lele 


Pirate VII 


B. Quartz showing parallel growth of clear smoky quartz on an older milky 
quartz crystal of more prismatic habit. Greenwood. 
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form is somewhat similar, but its individuals are usually very 
minute. Still a third possibility is feldspar, in elongated crystals 
with side pinacoid, base, and negative orthodomes.*4 


APATITE 


The apatite crystals are purple and clear. They appear either 
in large isolated crystals or in druses, composed of much smaller 
individuals. The largest of the isolated apatite crystals measure 
two centimeters in diameter and a little less in length, but the 
most are only about half this dimension. They appear scattered 
through the quartz-cookeite masses, but always resting on, rather 
than embedded in, these minerals. Two or three such crystals, 
purple and clear, nested in a small vug walled by scores of trans- 
parent quartz crystals, make a very pretty picture. 

But the most spectacular occurrence of apatite at Greenwood 
was as a drusy lining on the walls of pockets. The largest pocket 
so lined was pod-shaped, forty centimeters long and averaged seven 
centimeters in width. A cavity of similar shape but only fifteen 
centimeters long adjoined. Nearby were still other pockets of more 
irregular shape, but likewise lined with drusy crystals of apatite. 
The pockets of the latter type are very obviously solution cavities 
in fresh microcline. One of these is shown on Plate VII, A. 

The pocket walls which are lined with apatite present a rare 
sight. They appear as a continuous purple mass, sparkling from a 
hundred points, as the individual crystals of the druse catch the 
light and flash it back. 


SUPERGENE PHASE 


The ground water solutions at Greenwood had little to work on 
that was susceptible to their activity. No suite of fairly soluble 


4 Since writing this discussion of the original nature of these pseudomorphs a 
suggestion has been made by Dr. W. F. Schaller which should be recorded here. He 
pointed out that pollucite was an isometric mineral not considered in the discussion 
and very likely to have occurred in the pegmatite. It has been found in great 
abundance in a neighboring pegmatite in Buckfield, (Dudley’s Ledge) although not 
in crystals. Dana records the occurrence of crystals in the Elba pegmatites with 
the same forms, a, (100) and n, (211) as are present on the psuedomorphs but as 
these have never been figured, the habit is not known. It is obvious that pollucite 
is a much more likely minera to have been formed in this pegmatite than analcite. 
The writers also desire to place more emphasis on the possibility that the ortho- 
rhombic or monoclinic pseudomorphs might have been bertrandite. This mineral 
has never been found in crystals of more than a fraction of an inch in diameter but 
size is the most variable element of the pegmatite minerals. 
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manganese phosphates was present to give a wide range of secon- 
dary products as at Buckfield. Supergene mineralization was 
practically confined to the kaolinization of feldspar and ambly- 
gonite. 

In the case of feldspar the masses of that mineral near the 
surface, or adjacent to the highly porous portions of the pegmatite, 
have been altered to some degree. At times montmorillonite 
resulted from this decomposition. 

The nodules of amblygonite appear to have been converted into 
kaolin by concentric zones working inward. In the nodules pictured 
(Plate V) the outer crusts are kaolin and sericite, but the core 
has not as yet succumbed to this alteration. In other instances 
the center of the nodule is white and compact, with a conchoidal 
fracture. Here kaolinization has been more complete. A green 
crust also surrounds the kaolin core. Analyses by Miss Vassar 
of the green crust and the white core follow: 


Amblygonite, 


Green crust White core Mt. Mica 
(Dana) 

SiO2 35.39 percent 43.89 per cent 
Al.O3 47 .00 38 .74 33 .68 per cent 
FeO; 0.16 0.48 —— 
FeO 0 .36 0 .06 — 
MgO 0.10 0.09 — 
CaO 0.03 0.16 —— 
Na2O 0.19 0.19 0.34 
K.0 0.26 7 .04 0.03 
H,0+ 13 .63 foe 4.89 
H,0— 0.48 1RGZ 
P.O; 0.10 0 .06 48 31 
Li.O 2 .64 0.67 9 .82 
F 0.15 0.09 4.82 


100.49 per cent 100.44 per cent 101 .89 per cent 


The phosphorus and fluorine of the original amblygonite has 
almost completely disappeared in crust and core. Most of the 
lithia, also, has been extracted from the core, but the crust contains 
2.64 per cent of that oxide. Alumina, an important constituent of 
both amblygonite and kaolin, has remained behind. Silica and 
water have been introduced in fairly large quantities. The seven 
per cent of potash in the core may be explained by the presence of 
mica. Calculations on the constituents of the core indicate a 
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mixture of mica 52 per cent (muscovite 40 per cent, lepidolite 
12 per cent), kaolin 48 per cent and amblygonite 0.1 per cent. 
Calculated in the same way the green outer crust appears to 
consist of about 41 per cent kaolin, 31 per cent lepidolite, 0.3 
per cent amblygonite and 28 per cent bauxite. 


CONCLUSIONS 

The detailed study of the pegmatites at Buckfield and Green- 
wood has shown that at these two localities the original crystalliza- 
tion of the pegmatite magma resulted in an ordinary coarse grained 
pegmatite made up chiefly of microcline, microperthite, and 
quartz and containing subordinate apatite, green beryl, black 
tourmaline, lepidolite, biotite, garnet, arsenopyrite, and ambly- 
gonite. After the crystallization of the pegmatite the residual 
solutions moved upward through the pegmatite, dissolved and 
replaced the original minerals and deposited new minerals. The 
first solutions deposited chiefly quartz, clevelandite, lepidolite, 
light colored beryl, and tourmaline, spodumene, apatite, and other 
rare minerals. Later solutions deposited rhodochrosite, ambly- 
gonite, and rare phosphates. The last hydrothermal solutions 
deposited chiefly lepidolite, cookeite, quartz, apatite, and herderite. 

A study of the literature and a brief field and laboratory examin- 
ation of the pegmatites at Mt. Mica and Auburn, Maine, show 
that these pegmatites too were formed in successive stages, similar 
to those of the Buckfield and Greenwood pegmatites. The history 
that can be worked out is no doubt fragmentary for all the deposits 
and in some more stages can be recognized than in others. At 
Mt. Mica the second hydrothermal stage was not found but at 
Mt. Apatite, near Auburn, all three hydrothermal stages were 
recognized. 
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SOME MINERALS OF THE KEWEENAWAN COPPER 
DEPOSITS: PUMPELLYITE, A NEW 
MINERAL; SERICITE; SAPONITE 


CHARLES PALACHE AND HELEN E. Vassar, Harvard University 


In the course of the intensive geological study of the native 
copper deposits of the Keweenaw Peninsula carried on from 1920 
to 1924 by the Calumet and Hecla Consolidated Copper Co. there 
came to light several minerals whose optical and physical char- 
acters did not enable them to be satisfactorily determined. As at 
least two of these minerals were intimately associated with the 
copper deposition it seemed important that their nature be 
established accurately by chemical analysis of purified material. 
The preparation of suitable material for this purpose fell to the 
lot of the senior author of this paper and was completed in 1921 
but it was only during the past year that the chemical work was 
carried out in the Harvard Mineralogical Laboratory by Miss 
Vassar. As one of these minerals proves to be a new and distinct 
species, it seems well to present the results of this partial study asa 
contribution to our rather scanty knowledge of the exact chemical 
nature of the Keweenawan mineral paragenesis. 


1. PUMPELLYITE 


Early in the microscopic study of the copper ores a mineral 
was noted which did not agree with any known species in its 
optical properties. Dr. A. Wandke was the first to recognize its 
individuality and it was found to be widely distributed, especially 
in the amygdaloid ores. It was entered in our notes as ‘‘green 
zoisite,’ being optically closer to zoisite than to any other mineral. 
For this mineral we propose the name of Pum pellyite for Raphael 
Pumpelly, the pioneer student of the detailed paragenesis of the 
minerals of this region. 

Pumpellyite is orthorhombic, but the determination of its 
symmetry rests upon its optical characters, no measurable crystals 
having been found. The crystals are minute fibers or narrow tables 
flattened parallel to a face taken as the basal pinacoid. There is 
an excellent cleavage in this direction. The plates are very brittle 
and the hardness is estimated as about 5.5. The specific gravity is 
slightly less than 3.2, identical with that of epidote which came 
down with it in the heavy solution. The color is bluish green, 
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dark in hand specimens, rather faint in microscopic preparations 
and showing weak pleochroism. In Ridgeway’s scale it is nearest 
to Russian Green, 37’’’ i. Where mingled with quartz or calcite, 
as it very often is, its color is sufficiently intense to tint the whole 
mass a distinct green. The optical characters were determined 
by Professor E. S. Larsen on the analyzed material. 

Optically positive. 2V rather large, dispersion very strong, 
p<v;a =1.698; B=1.700; y=1.708; all +0.005. Nearly colorless 
in the directions of a and y; green in that of 8. X is nearly normal 
to a perfect cleavage (basal); Y is parallel to the length of the 
fibers. 

Larsen states: ‘‘These data are near those of zoisite but the 
mineral is certainly not ordinary zoisite.”’ 

The preparation of a pure sample proved to be difficult and 
two methods were finally used. As both involved treatment of 
the powder with dilute hydrocloric acid, careful tests were made 
which proved that pumpellyite is not attacked by this acid when 
the powder is boiled even to dryness. 

The first method used for separation was based on the brittle 
nature of the mineral which caused it to crush more freely than the 
associated material. The sample was an amygdaloid from the 
Isle Royale Mine (241 E 2057) containing amygdules of pumpel- 
lyite. The rock was coarsely crushed, the powder washed in water, 
and after a brief time the finest powder decanted while still 
suspended and allowed to settle very slowly. This was found to 
consist essentially of pumpellyite but with a slight impurity of 
rock particles and epidote, with some grains of calcite. The latter 
was in large part removed by treatment with very dilute HCl. 
The material so obtained was analyzed by G. L. Heath in the 
C. & H. Assay office with the results stated in column 1 of the 
table on page 414. 

The second separation was made on ore from the Kearsarge 
Lode in the Calumet and Hecla Mine from the crosscut from the 
Red Jacket Shaft on the eighty-first level. (184 G 2574.) The 
specimens consisted of amygdaloid with replacement areas of 
red feldspar, epidote, pumpellyite and calcite, the last named 
having been last to form and enclosing the pumpellyite. The 
blocks were placed in dilute HCl until the calcite was all removed. 
Some of the pumpellyite was set free as loose crystals but most of 
it remained attached to the walls of the vugs. This was broken 
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off with a point and carefully hand-picked to remove epidote. 
It was then crushed to pass a 100 mesh sieve, washed to remove 
dust and treated in Thoulet solution in which fluorite floated, to 
remove quartz and calcite. The density of the solution was then 
increased to float the mineral and later reduced to 3.2 at which 
both pumpellyite and the small amount of epidote present came 
down together. The repeatedly washed powder was treated with 
the electro-magnet to remove the epidote and then hand-picked 
under the binocular for the same purpose. The product was 
substantially pure. The analysis by Miss Vassar is given in column 
2; it is the average of two closely agreeing analyses made on about 
2 grams of material. 


Table of Analyses of Pumpellyite 


1 Z Molecular 
per cent per cent ratio of 2 
ee 
Si02 36.51 37 .18 616 .616=7X .088 
Al.O3 24.11 23 .50 .260 
Fe.03* 3.50 5.29 033f  -293=3X .088 
FeO 5.14 2 .09 .029 
MgO 4.70 3.18 .079 
CaO 20 .16 23 .08 All 
MnO 0.15 0.13 002> .524=6X .087 
NiO trace _— 
CuO 0.19 -- 
K,0 1.4 trace 
Na2O — 0.19 003 
H,0+ |** 3.67 6.28 
a a a 349 349 =4X .087 
99 .73 100 .97 


* Proportion of ferrous to ferric iron not directly determined but figured from 
that obtained. on another purer sample. 
** Loss on ignition 


The molecular ratios of the second analysis lead to the formula: 
6Ca0.3Al203.7Si02.4H2O. The corresponding formulas of zoisite 
and prehnite, the two minerals nearest in chemical composition 
to pumpellyite, are stated for comparison. 

Zoisite, 4CaO.Al.03.3SiO2.H2O 
Prehnite, 2CaO.Al,03.3SiOo.H2O 

OccURRENCE. Pumpellyite appears at two periods in the com- 

plex paragenesis of the amygdaloids. It is one of the late magmatic 
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(pneumotectic) minerals, formed before the copper began to be 
deposited and before the invasion of the formation by the ore- 
bearing solutions. Its place is after chlorite and epidote and before 
quartz and prehnite. This generation of pumpellyite often lines 
open amygdules with a velvety coating, quite alone or implanted 
on epidote. Again quartz is implanted on it or fills the cavity. 

It was formed, and more abundantly, by the ore solutions 
during replacement of the amygdaloids. Bands of it are often seen 
following red feldspar and epidote, with or following quartz 
and followed by hematite, prehnite, calcite and copper. These 
minerals often jorm considerable replacement areas and where 
calcite followed pumpellyite without quartz, treatment with acid 
leaves the walls coated with a tangled mass of delicate fibrous 
plates of the new mineral. It iscommon over a long stretch of the 
Kearsarge amygdaloid, specimens being at hand from the Ahmeek, 
Centennial, Calumet and Hecla, and La Salle Mines on that lode. 
It is perhaps stil] more abundant in the Pewabic Lode, as at the 
Quincy Mine where, embedded in quartz, it gives a characteristic 
color to much of the rock. It is common in the Isle Royale and 
Baltic Lodes in amygdules and in bleached and highly altered 
areas. 

In the fissure veins which cut the amygdaloids and carry copper 
pumpellyite is also found following chlorite and epidote, followed 
by quartz, calcite and prehnite, and overlapping the formation of 
copper. 

In the felsite conglomerate lodes it is present in small amount 
and belongs to the early part of the ore period, following epidote 
and quartz and accompanying copper. 

Pumpellyite was probably one of the substances known to Pum- 
pelly and other early investigators of these minerals as “green 
earth’; probably also more generally mistaken for chlorite. 


2. SERICITE 


The form of sericite found in the Michigan amygdaloids is 
unlike any hitherto described and it was not recognized as such 
until preliminary analysis revealed the presence of large amounts 
of alkalies. It occurs as amygdule fillings and in large replacement 
areas in breccia, being especially characteristic of the leaner 
portions of the Isle Royale Lode. 
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It is massive, soft and unctuous, green to greenish yellow in 
color, the powder being a dull greenish white. The specific gravity 
is slightly more than 2.71. Under the microscope it is minutely 
crystalline, the scales showing an extinction angle up to 14° to 
the cleavage. It is optically negative with refractive index close 
to 1.57 and fairly strong double refraction. 

Material for analysis came from the Isle Royale Mine. Selected, 
nearly pure, material was coarsely crushed and treated for a short 
time with HCl to remove calcite. It was then washed, dried and 
crushed to pass a 100 mesh sieve, the powder washed to remove 
the finest floured material and after drying passed through Thoulet 
solution of a specific gravity such that calcite floated in it. The 
first fraction was discarded and the solution slightly diluted 
although calcite still barely floated. The powder which came 
down in this second fraction was practically pure except for slight 
iron oxide stains on some of the grains. It was analyzed by Miss 
Vassar with the result shown below, the average of two series of 
determinations. 


Sericite, Isle Royale Mine (241E 2185) 


Per cent 

SiO: 50 .27 
Al,O3 2 part 
Fe.03 1 87 
FeO O.53 
MgO 2 .39 
MnO 0.03 
CaO 1.06 
Na2O OLS 
K.0 9.61 
H.O+ 4.68 
H,O0— 1.44 
CO: 0.76 
TiO2 trace 
P.O; absent 
Li,O trace 
100 .50 


This analysis gives no simple ratio or formula. In this respect 
it is like most analyses of sericite. It conforms however to the 
general type of chemical composition of the listed sericites and 
comes very close to that of the variety listed by Dana as pycno- 
phyllite, a sericite not optically defined. 
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3. SAPONITE 


Saponite has never been well defined as a mineral species as the 
description given in Dana’s System will clearly show. The data 
secured in our study seem sufficient to characterize it fairly clearly. 

Saponite was found in quantity in the South Kearsarge Mine 
and in less abundance but better crystallized in the Ahmeek 
Mine. In the former it is one of the latest hydrothermal minerals 
to form, occurring in cavities left by excessive solution during 
replacement of the amygdaloid. It thus lines the walls, a last 
generation of adularia alone being later. In the Ahmeek Mine it 
was found chiefly as solid filling of replacement vugs in which it 
surrounded crystals of copper and quartz; it was also found with 
copper and epidote crystals in open cavities as minute stalactites 
as much as half an inch in length but less than one tenth of an 
inch in diameter. These were composed of spherulitic groups of 
fibers or plates, radiate to the axial lines. 

It is white to light buff colored, 1 or less in hardness, with an 
unctuous feel, somewhat plastic but not adherent to the tongue. 
The optical characters indicate monoclinic or possibly ortho- 
rhombic crystallization. They were determined by Professor 
Larsen on the two analyzed samples. 

1. Saponite from South Kearsarge Mine. 

2. Saponite from Ahmeek Mine. 


Opt. char. 2V a B y x Z 
1. negative | small 1.479 1.510 i aula normal to |parallel to 
cleavage |elongation 
2. negative | moderate 1.490 1575 1527, normal to |parallel to 
to small cleavage elongation 


Saponite fuses before the blowpipe with difficulty to a rather 
porous white slag. It gives abundant water in the closed tube 
easily. Material which was practically pure was secured for 
analysis by hand picking. 
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Analyses of Saponite by Miss Helen E. Vassar. 


1. South Kearsarge Mine (178 G 542). 
2. Ahmeek Mine (166 G 908). 


1 Molecular Ratio pe Molecular Ratio 
OE > reo Ce eee 
SiO. 42.78 47 .709 =10X .071 42.99 .713 .713=10X .071 
Al,03 6.44 03) 6.26 061 
Fe,0; cr 008 071= 1X .071 1.83 .011 072= 1X .072 
FeO ; 2.57 .036 
MgO = 24.78 : 22.96 .570 
CaO 2.35 .042'  .671=9X .0745 2.03 .0367  .661= 9X .074 
MnO 0.12 .002 0.11 .002 
Na,O 0.75 .012 1.04 .017 
K,0 trace trace 
H,042 017290 6.85  .380 
i 1 .216=16X .076 1.140=15x .076 
H,O-— 13.96 13.6" .760 
100 .35 100 .29 


Considering the highly hydrous nature of this mineral these 
two analyses from different localities agree remarkably closely. 
They yield,it is true,a formula not very simple, but the two are 
identical save for a difference of one molecule of water; 
Al;03. 9MgO.10Si02.16H:0 or 15H;0. 


THE IDENTITY OF ECTROPITE AND BEMENTITE 


Esper S. LARSEN, Harvard University 


In 1921, Pardee, Larsen, and Steiger! showed the identity of 
bementite with caryopilite but on the basis of the chemical 
analysis and available crystallographic and optical data they 
concluded that ectropite was a distinct species. 

I have since examined a specimen of ectropite in characteristic 
crystals from the type locality, Langban. The crystals are of the 
type described by Flink,? elongated tablets. Lying on the flat 
face they give parallel extinction and show that the acute bisectrix 
is inclined at a large angle to the normal to the plates. Broken 


1 Pardee, J. T., Larsen, E. S., and Steiger, Geo.; Bementite and neotocite from 
western Washington, with conclusions as to the identity of bementite and caryopi- 
lite, Journ. Wash. Acad. Sc., 11, 25-32, 1921. 

* Flink, Gust. Einege Neuigkeiten in schwedischer Mineralogie. Geol. Féren. 
Forh., Stockholm; 39, 426-31, 1917. 
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crystals show a perfect cleavage that bevels the long edge of the 
plates. The acute bisectrix is nearly normal to this cleavage. 
The optic angle is very small and the plane of the optic axes is 
parallel to the long edge of the plates. Hence, using Flink’s 
orientation, X is sensibly normal to (001) and Z=8d. 

Its optical properties are so much like those of bementite as to 
make the identity of the two minerals seem highly probable. The 
optical data for bementite from three localities and of ectropite 
are shown in Table 1 for comparison. A comparison of the analysis 
of bementite and ectropite is made in Table 2 and shows that the 
difference is not so great but that it could be accounted for as due 
to impurities. 

The crystal data would seem to establish the difference between 
the two species as bementite is orthorhombic while ectropite is in 
tabular, monoclinic crystals. However, the powder of the ectropite 
crystals and of bementite are very similar and show a perfect 
cleavage sensibly normal] to the acute bisectrix. These data are 
believed to establish the identity of the two. Bementite has 
priority. Ectropite is a pseudomorph after some older mineral. 

TaBLE 2, ANALYSES OF BEMENTITE, ECTROPITE, AND SERPENTINE 


1 2 S 4 5 6 
SiOoe oi teracte. 39 .92 38 .36 39 .00 36 .16 35 .02 41 .98 
MnO. os. 41.58 39 .22 42 .12 46 .46 37 .20 —— 
FeO ese eee 4.15 4.94 She iS — 5.80 Zod 
MgO. 4.46 3.35 3.83 4.80 7.20 41 .38 
CaO. =e 0 .40 0.62 trace 0.28 3.59 
ZNO gece —— 2 .93 2 .86 — —— —— 
PhOB ae ees —— —— a 0.37 —— —— 
Alkalies........ ~-— — os 0.20 125 — 
Al2.O3. 132 0.96 os 0.35 0.75 —— 
Fe203. A= 0.71 oe 1533 — —-— 
Hie 2s 0.49 0 .60 ‘s Ma na et ‘aly 
H,0+.. 7.90 8.01 ; 9.81 8 .89 13 .78 
8) innate Beers —-- a —- 0.09 0 .19¢ —- 
100 .22 99 .70 100 .00 99.85 99.89 100 .01 
Mo ecurar Ratios REDUCED To 100 
SlOseats we coe: 35 .40 34.61 34 .30 31.10 30 .10 27 .88 
Mn Oe an de oc 40.55 40 .62 40 .95 40 .22 43 .55 42 .00 
HSOS eres eas 23 .36 24 .07 24.75 28 .12 26 .00 30.12 
AlLOs ammeter 0.69 0.70 — 0.56 0.35 — 
aS. 100.00 100.00 100.00 i00.00 100.00 100 .00 


> Under MnO have been summed up the molecular ratios of MnO, FeO, MgO, 
CaO, ZnO, and PbO. 
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. Bementite, Olympic Range, Washington, Analyst, Steiger. 

. Bementite, Franklin Furnace, New Jersey, Analyst, Steiger. 

- Bementite, Franklin Furnace, New Jersey, Analyst, Konig. 

. Caryopilite, Pajaberg, Wermland, Sweden, Analyst, Hamberg. 

. Ectropite, Langban, Analyst, Naima Sahlborn. 

. Serpentine with cubic cleavage, Brewster, N. Y., Analyst, Friedel. 


Duo kr Whe 


BEMENTITE AND SERPENTINE COMPARED 


The large cleavage pieces of bementite from Franklin have a 
striking similarity to the serpentine with cubic cleavage from 
Brewster, New York. The optical properties of such serpentine 
are given in Table 1 for comparison. The axial angle of this 
serpentine varies from nearly 0 to rather large and the birefringence 
from nearly or quite 0 to about 0.007. Large cleavage plates show 
rather uniform optical properties except that lamellae of rather 
strongly birefracting serpentine are present parallel to the cleav- 
ages. The material appears to be coarsely crystalline, but it may 
be made up of minute aggregates arranged so as to appear hcmc- 
geneous. 

As shown in Table 2 the molecular ratios for RO, SiO2, and H.O 
for bementite and serpentine are rather near together. The simi- 
larity in physical and optical properties and in chemical composi- 
tion is sufficient to suggest that bementite may be the MnO end 
of the serpentine series. The analyses of ectropite and caryopilite 
yield formule very similar to that of serpentine with MgO replaced 
by MnO. 


NOTES ON DACHIARDITE 
Harry BermAN, Harvard University 


D’Achiardi has described a supposedly new zeolite in the granite 
pegmatite of San Piero in Campo, Elba, associated with other 
zeolites, pink tourmaline, and feldspar, in a preliminary report’ 
consisting chiefly of a chemical analysis and good photographic 
illustrations. He termed it provisionally ‘‘zeolite mimetica” from 
its characteristic mimetic structure. Lack of suitable material 
prevented a crystallographic and optical discussion of the material 
analyzed; however, he later published? an additional chemical 
analysis agreeing essentially with the first. The name dachiardite 


1 Proc. Soc. Tosc., (Pisa) 14, 1905. 
2 Proc. Soc. Tosc., (Pisa) 22, 160, 1906. 
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was proposed in honor of his father. A specimen labelled ‘“‘dachi- 
ardite” presumably like the material originally described by 
D’Achiardi, is contained in the Harvard Mineralogical Cabinet, 
and was the basis of this further study. 

The colorless crystals are small, 2 mm. or slightly more in 
diameter, and appear to be eight-sided prisms. On closer examina- 
tion it is seen that each apparent crystal is a mimetic twin-group 
consisting of eight sectors; the tetragonal pseudo-symmetry is due 
to the attitude of the twin plane which is very nearly at 45° to the 
bounding planes of each sector (Fig. 1). Each sector is reéntrant 
toward the center of the eightling, giving a shallow cup-shaped 


Fig. 1. Twin crystals of dachiardite 
showing eight sectors. 


Fig. 2. Orthogonal projection of 
dachiardite showing five sectors. 


effect to the group. The center is hollow and bounded by faces 
parallel to those of the exterior. A third face bevels the edge 
between the reéntrant face and the outer prism of each sector. 
There was thus accessible to measurement on each sector one zone 
with three faces which proved to be of unlike quality and lustre. 
Since the mineral was known to be biaxial and has extinction 
parallel to each sector-edge, the only reasonable interpretation of 
the symmetry was that it was monoclinic with the plane of sym- 
metry normal to the sector-edge. Accordingly the outer faces of 
the group were taken as orthopinacoid faces and the reéntrant 
faces as basal pinacoids. 
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No attempt was made to separate the individual sectors for 
measurement; the entire aggregate was mounted, with the prism 
zone vertical, on the two-circle reflecting goniometer. The group 
measured consisted of five sectors as shown in Fig. 2. In Table I, 
column 1, are given the goniometric readings of the aggregate 
adjusted as a single crystal. Column 2 gives the readings with the 


prisms of the more perfect sectors adjusted to 90°. 


TABLE I 
Column 1. Column 2. 
H V H Vv 
89°37’ 104°05’ 90°00’ 103°57’ 
be 39°09’ 105°39’ 40°17’ do. 
340°43’ 99°30’ 342°09’ do. 
89°35’ 1525057 89°20’ 152°05S’ 
Q 40°00’ 154°00’ 39°33’ do. 
342°19’ 145°18’ 342°11’ digs do. 
89°29’ 198°35’ 89°29’ 198°35’ 
R 39°53) do. 39°53’ do. 
342°17’ do. 342°17’ do. 
90°00’ 244°30’ 90°00’ 244°30’ 
S 39°56’ do. 39°56’ do 
342°12' do. 342°12' do. 
1 led 90°00’ 990222’ 90°00’ ny 290°22' 
T 40°11’ do. 40°11’ eae. 
342°04’ do. 342°04’ 


Goniometer readings of five sectors (see Fig. 
Column 1, and as individual sectors in Column 2. 

H=horizontal circle readings. 

V=vertical circle readings. 


2) adjusted as one crystal in 
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The tabulated angles show that the sectors R, S, and T (Fig. 2) 
are consistently regular in the angular relations of their respec- 
tively similar faces. These were therefore taken as the basis for 
the calculations. 

The angular value between the prism faces a is 45°56’ as shown 
on the orthogonal projection (Fig. 2). From this value the compo- 
sition plane m was computed as having an interfacial angle of 
112°58’ with a. Plotting these values in gnomonic projection 
(Fig. 3) for two adjacent sectors the monoclinic symmetry rela- 
tions become evident. The angles given in Table II are the ¢ and p 
angles as given in Goldschmidt’s Winkeltabellen and are derived 
from the measurements given in Table I. 


Fig. 3. Gnomonic projection of dachiardite (two sectors). 
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TaBLE II. Angle Table, Dachiardite 


a=2 .4786 log a= .39421 log po=9 .74134 


c=1.3663 log c= .13555 log go= .11318 


p= 72°11 log h 9 97966 h= .95204 
log sin u 


eee 
evewerer— —————————————————e—e—eeaeee——eee_eeeeeeeee 


Letter Goldschmidt Miller > 
Symbol 
0 90°00’ 17°49’ 


—90°00’ 90°00’ 


—90°00’ 39750. 


Id Se) 90°00’ 


m* by computation. 


Since there is no form on the crystal from which the axial ratio 
can be directly computed it is necessary to calculate the ratio 
by using the composition plane of the twins, which gives the 
ratio of o and go and the negative orthodome (Fig. 3) which gives 
directly the value of op. The composition plane is considered as 
unit prism, (110) and the orthodome as (201), in order to obtain 
the best ratio. Since this method is somewhat indirect it may be 
desirable to illustrate the procedure. The formulae used are all 
to be found in the American Mineralogist, Vol. 5, p. 72, 1921. 


For the prism(110): tan peed 
990 


where ¢ is the angle 110A 010 and # and g are unity. 
Substituting values the equation becomes 


(1) Tan 22°53’=—2 
1go 
where fo and q are the units of the gnomonic net. 
For the negative orthodome (201) 
ppo-e 
h.sin 
where h, e, sin ¢, and tan p are derived by the Goldschmidt 
method from the gnomonic projection. (See Table II.) 


Tan p= 


426 THE AMERICAN MINERALOGIST 


Substituting the values, 
tan p=tan 39°55’ 


p=-2 (Table II) 
e=e’sin u=tan 17°49’ sin 72°11’ (Table II) 
h=sin p=sin 72°11’ (Table II) 
sin ¢=sin 90°=1 (Table II) 


the equation becomes 
fe Spa 17°49’ sin 72°11’ 
(2) tan 39°55 — —2bo— tan 17°49 sin (2°11 


sin 72°11’ 
solving for po gives 
po=.55124 
and substituting this value in equation (1.) gives 
go= 1.3007 
By using the conversion formulas for changing from polar to 
linear values: a= ~ andc= 2 
Po SIN p 
we get a:b :c=2.4786 :1 : 1.3663 
A= 72°11" 


PHYSICAL PROPERTIES 
The mineral is transparent, colorless, and has a hardness of 
4 to 4.5. The specific gravity is given as 2.165. There are two 
perfect cleavages, one parallel to the orthopinacoid (100), the other 
parallel to the base c (001). 


CHEMICAL PROPERTIES 


All of the chemical data have been taken from D’Achiardi’s 
reports, as sufficient material for chemical analysis was not 
available. 

Chemical Analyses 


I lets Theory for Proposed 

Formula 

SiO: 61 .41 62.01 62 .53 

Al.03 11.15 11-35: las 

CaO S02 

SrO 114 6 .80 5.80 

K,0 3} hl! Sigal S225 

Na20 2 .06 2 .06 2.14 

H,0 13.51 14.52 14.53 

Total 98 .10 100 .05 100 .00 


* Li,O and Cs,0 proven present in small amounts. 
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D’Achiardi proposed the formula: Rs7R,™ (Si.O;)9.14H2O 

or 3(Ca, Naz, Ke) O-2A1,03- 18Si0.14H2O 

where R" = (Nas, Ke, Ca) 

and R™'= Al. 
The mineral is decomposed by hydrochloric acid and, before the 
blowpipe it decrepitates, exfoliates, and fuses to white enamel. 


OPTICAL PROPERTIES 


The optical constants were measured by the immersion method, 
and are: a=1.492, B=1.496, y=1.500; X=), Z : c=35°, Biaxial 
(+), 2V=65°. 

The axial angle was measured as 65° on a figure that was some- 
what uncentered. 

The inclined extinction and the uncentered interference figure, 
on cleavage, are, together with the crystallographic data given 
above, sufficient reasons for assigning this mineral to the mono- 
clinic system. 

The author wishes to thank Professor Charles Palache and 
Professor E. S. Larsen for their kind assistance and suggestions in 
the preparation of this paper. 


SUMMARY 


The mineral examined seems to have distinct chemical, crystal- 
lographic, and optical properties quite different from any other 
known zeolite and it is suggested that the name ‘‘dachiardite”’ be 
adopted, as proposed by Giovianni D’Achiardi, in honor of his 
father. 

Dachiardite—near 438 (Dana). A zeolite occurring in the 
granite pegmatites at San Piero in Campo, on the Island of Elba, 
in small eight-sided prismatic crystals showing a mimetic structure 
on a section perpendicular to the prisms. The aggregates consist 
of 8 monoclinic sectors with the c axis in the direction of the 
prisms. 

Composition: R37R4™ (SizOs)9:14H2O 

R™ = (Naz, Ke,Ca) 
RU Al. 

Physical and chemical properties: H=4 to 4.5; G=2.165. 
Cleavage (100), (001) perfect. Before the blowpipe decrepitates, 
exfoliates, and fuses to a white enamel. Decomposed by HCl. 
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Crystallographic relations: Monoclinic @ : 6 : c=2.4786:1: 
1.3663; B=72°11’. Forms: (001)c, (100)a, (201)d. Twinning and 
composition plane = (110) m. 

Optical properties: Biaxial (+) 2V=65°. a=1.492, B=1.496, 
vy=1.500; X=b, ZAc=35°. 


THE IDENTITY OF “LEHNERITE” AND LUDLAMITE 
Harry BERMAN, Harvard University 


A recent paper! on the phosphate-bearing pegmatites of Hagen- 
dorf, Bavaria, contained descriptions of several new minerals, 
among which was ‘“‘lehnerite’”’ a basic hydrous phosphate of iron, 
manganese, and magnesium. The optical properties and specific 
gravity of a specimen labelled “‘lehnerite’ recently acquired in 
this laboratory, were determined, since such data were not given 
in the original description. As shown in the following table the 
optical properties of ‘‘lehnerite”’ are so near those of ludlamite as 
to indicate that the former is simply a manganese-magnesium 
bearing ludlamite. 


a B y | Opt. | Orien- | Dis- | Axial |Clear- Specific |Hard- 
Char.| tation |persion|angle| age |Gravity| ness 


“Lehne- |1 .650/1 .669|1 .689} + |Z AC=| y>v» |large| (001) | 3.19 aS 
rite,” large | perc. perfect 


Ludlamite? |1 .653]1 .675|1 .697| + |ZAC=| y>» | 82° | (001)| 3.12 | 3-4 
67° perc. perfect 

A comparison of the chemical analyses of the two minerals shows 
likewise a close similarity in their composition. Allowing for the 
possible inaccuracy of the analyses, especially that of ludlamite, 


which is an old analysis, the two minerals appear to be chemically 
the same. 


“Lehnerite’’ Ludlamite 


P2035 33 .87 30.11 
FeO 45 91 52 .76 
MnO 3.10 -—- 
MgO IRIN | — 
H.O 14.91 16 .98 
Total 100 .00 99 .85 


1 Mullbauer, F.; Die Phosphatpegmatite von Hagendorf i. Bayern; Zeit. Kryst. 
Min., 61, 331, 1925. 


? Larsen, E. S., Microscopic Determination Non-Opaque Minerals., U. S. Geol. 
Surv., Bull. 679, 223, 1921. 
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The formulae assigned to the two minerals are: 
ludlamite—2Fe3;P.03.Fe(OH).+8H.O. 
““‘lehnerite’’—2R3P203.R(OH).+5H2O 

where R= (Fe,Mn,Mg) 

While the crystallographic data for “Iehnerite”’ do not seem to 
agree with those given for ludlamite, in Dana, it is probable that 
the differences are due to another orientation and a different unit 
form. There is, however, a similarity in the following interfacial 
relations: 

“‘lehnerite”’ c(001) Ad(101) = 52°57’ 
ludlamite c(001) A#(201) = 52°373’ 

It is therefore believed that ‘‘lehnerite”’ is identical with ludla- 
mite. 


VEINS WITH FIBROUS QUARTZ AND CHLORITE 
FROM THE VICINITY OF PROVIDENCE, 
RHODE ISLAND 


Gracc Ricuarps, Harvard University 
INTRODUCTION 


Two of the localities visited on the New England Intercollegiate 
Geclogical Field Excursion in the vicinity of Providence, Rhode 
Island, in October, 1924, showed veins of fibrous quartz cutting 
graphitic schists. A study of specimens of these veins, collected 
by representatives from the Division of Geology, Harvard Uni- 
versity, and by Professor A. C. Lane of Tufts College and kindly 
placed at the disposal of the writer, led to the conclusions reached 
in this paper. The study was carried out under the direction of 
Professor E. S. Larsen of Harvard University, to whom the writer 
is indebted both for a knowledge of the methods used and for many 
helpful suggestions during the course of the work. 

Hawkins! described veins of fibrous quartz from the vicinity of 
Providence, Rhode Island, and concluded that the quartz, grading 
from fibrous material into massive white vein quartz, is of primary 
origin and that the greenish color is due to an admixture of 
actinolite in varying proportion. The determination of actinolite 
was based on color and extinction angle. 


1 Hawkins, A. C.; Fibrous Quartz from Rhode Island; Am. Min., 3, 149-151, 
1918. 
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Perry and Emerson? describe similar veins of fibrous quartz 
in the vicinity of Worcester, Massachusetts, and mention occur- 
rences in the Naragansett Basin, concluding that the vein filling 
was originally chloritic, possibly made fibrous by pressure and 
changed in part to silica by acid from the oxidation of pyrite. They 
state that analyses by L. G. Eakins, U. S. Geological Survey, 
show the green fibers to be a fibrous form of prochlorite, without 
including the chemical data. 


DESCRIPTION 


The veins range in width from 1 mm. to 60 mm. with the indi- 
vidual veins of fairly constant width. The fibers, in general, are 
arranged nearly normal to the walls but where several veins inter- 
sect there may be no agreement in direction between the various 
bundles of fibers. The vein matter varies in color from pure white 
to yellowish green or pale brown and, in the latter cases, frequently 
shows a silky luster. In places the vein matter grades into massive 
white quartz and irregular grains of quartz may also occur among 
the fine fibers. The white fibers are brittle, though generally some- 
what elastic and are nearly pure quartz while the colored fibers 
are tough and flexible have a decidedly greasy feel and contain 
a considerable proportion of chlorite. The proportion of quartz to 
chlorite varies from place to place from nearly pure quartz to a 
mixture of quartz and chlorite containing only a few per cent of 
quartz. Aside from small inclusions of wall rock, the only other 
constituents of the veins are subordinate flakes and fibers of 
muscovite and occasional small grains of pyrite. 

The chlorite is in long, flat laths with a thickness of but 0.002- 
0.005 mm., a width of 0.015-0.060 mm., and a length up to 10 mm. 
These laths appear nearly isotropic and have the plane of the optic 
axis normal to the direction of elongation and the acute bisectrix 
normal to the flat face. They have a very small optic angle and,as 
indicated by rather uncertain interference figures, have a negative 
sign. The elongation of crystals lying on the flat face is apparently 
negative while that for crystals lying on the long narrow edge is 
weakly but definitely positive, thus confirming the negative 
character of the crystals. The value for 8 as determined by 


? Perry, J. H., and Emerson, B. K.; The Geology of Worcester, Mass., pp. 17-18, 
1903. Emerson, B. K.; Geology of Massachusetts and Rhode Island; U.S. Geol. 
Surv., Bull. 597, 63, 1917. 
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immersion liquids is 1.633+.003; y is estimated to be less than 
0.001 higher than 6; and a perhaps 0.002 lower. 

A portion of the mineral was obtained nearly free from quartz 
by repeated use of the electromagnet, discarding the less magnetic 
portions and by the use of heavy solutions with a gravity higher 
than quartz. This material, though of limited amount, was sub- 
mitted to Miss Helen E. Vassar, of the Department of Mineralogy 
and Petrography, who has furnished the partial chemical analysis 
given in Column 1 of the following table. As there was a notable 
sublimate of sulphur on heating, the sulphur is apparently largely 
present as pyrite and, in Column 1a the analysis has been recalcu- 
lated free from pyrite. Allowing for some quartz still remaining, 
this gives an approximate formula of 6(Mg,Fe)O.2(Al,Fe).03. 
4SiO2.5H:0. In Column 2 an analysis of an aphrosiderite from 
Striegau, studied by Websky and to which he assigns the probable 
formula of 6FeO.2Al.03.4Si02.5H2,O is given for comparison. 
Larsen and Steiger describe aphrosiderite from near Field, British 
Columbia, which is very similar to the chlorite described in this 
paper. It has a very faint birefringence and an index of refraction 
of 1.625. Steiger’s analysis is quoted in Column 3. 


f la M 3 

SiQanenessees 23 .3 per cent | 23.8 per cent |24.78 per cent | 24.97 percent 
Al,O3 21.4 21.8 18 .69 23 .76 
Fe20; Sophie! oh aa 2.0 2.0 6.45 tees 
ReOne ieee 28 .6 BSD 36.17 26 .86 
MgO. 10.7 10.9 4 52 10.81 
CaO. none trace 
NasOnr cera tte n.d. 0.26 
KiOlrnndac tee n.d. 0.97 
H.0. 10.5 107 9 .09 10.71 
ARNO es ae trace 0.11 
Srone 0.9 
MnO aera e er 0.3 0.3 

97.7 97.7 99 .70 100 .00 


1. Analysis of aphrosiderite from Rhode Island. Helen E. Vassar, analyst. 
la. Analysis of same computed free from pyrite. 


2. Aphrosiderite from Striegau, Websky. Quoted by Dana, System of Min- 
eralogy, 6th edition, p. 660, analysis 6. 

3. Aphrosiderite from near Field, British Columbia, Larson and Steiger; Min- 
eralogic Notes; Jour. Wash. Acad. Sci., 7, 6-8, 1917, analysis 3a. 
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Muscovite, partly in very slender laths, flattened parallel to 
the base, is a minor constituent of the veins. Some of the muscovite 
laths have a length of over 50 times their width. The plane of the 
optic axis makes an angle of 60° with the elongation of the laths. 

The quartz varies in form from long, slender fibers to irregular 
grains with little or no elongation. The fibers are somewhat 
coarser than those of the chlorite and are markedly less regular in 
outline. Examination under the microscope shows no relation 
between external form and crystallographic directions, as by rolling 
various fibers and elongated grains, individuals were found with 
the elongation varying from nearly parallel to c to normal to c¢. 
The elongation of the quartz, whether in irregular grains or fibers, 
corresponds in general direction with the chloritic fibers and, in 
places, the latter are replaced irregularly along the edges by quartz. 
A cross-section in which the quartz grains are interlocked so as to 
form a solid mass, with the boundaries between individual grains 
but faintly distinguishable except in polarized light, shows that 
these grains are separated by remnants of chlorite fibers. 

Fibers are locally bent, due to movement after formation, as is 
common in asbestos veins of similar structure and, in one such 
case, the quartz fibers, though of random orientation, show a wavy 
extinction along the bent portion, showing, in this case at least, 
that if the quartz fibers are a replacement of chlorite, the move- 
ment causing the bending was subsequent. 

A variation from the occurrences described is shown in a speci- 
men from the coal mine at Cranston, Rhode Island, in the Collec- 
tion of the Department of Mineralogy and Petrography. This 
shows a vein, 10 mm. wide, of fibrous quartz, chlorite and minor 
muscovite in graphitic schist. In this specimen the chloritic fibers 
are markedly wider, reaching 0.15 mm. but show similar optic 
properties. Those of pale yellowish green color are shot through 
with darker green rutile needles, as individuals or in sheaves, while 
the brownish fibers, generally the narrower, are nearly or quite 
free from rutile. 


CONCLUSIONS 


Both the chlorite and muscovite of these veins show a definite 
relation between outward form and crystallographic development 
as well as to the plane of the vein, indicating original vein filling. 
Quartz can be seen as a replacement of chlotite, in all stages, 
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either fiber by fiber or in mass with complete loss of the earlier 
fibrous structure. As any relation between form and crystallo- 
graphic directions is lacking, the quartz has been introduced at a 
period subsequent to vein filling as a replacement of chlorite. No 
indication that muscovite has also been replaced by quartz has 
been noted and as the proportions of quartz and chlorite are variable 
within wide limits, quartz is entirely a replacement of chlorite. 
Pyrite, where present, either in veins or in the country rock is fresh, 
except for surface weathering, and its oxidation is not believed 
to have been a factor in the replacement of chlorite by quartz. 


ABSTRACTS 


THE “TOADSTONE-CLAYS” OF DERBYSHIRE. C. S. Garnett. Min- 
eralog. Mag., 20, (103), 151-157 (1923). 

The igneous rocks yielding the clays are mainly olivine-dolerites (diabases) and 
basalts. Near the surface, due to oxidation, limonitic staining may be observed. 
Then follow almost white clay, “green earth,”’ “green stone rock” and slightly 
altered dolerite. The white clay, when analyzed and deductions made for CaCOs 
and CaSQ,.2H.0, yields a compound having the formula 2 Al,03.6SiO2.3H20. The 
changes are due to the leaching action of percolating meteoric waters. W.F.H. 


AN ASSOCIATION OF KAOLINITE WITH MIAROLITIC STRUCTURE. 
A. F. Buppincton. J. Geology, 30, 149-151 (1923). 

The kaolinite occurs as fillings in druses in rhyolite porphyry and as an altera- 
tion of the plagioclase feldspars in a granite porphyry in the Wrangel district of 
S. E. Alaska. It is believed that the kaolonite and calcite have been derived through 
the alteration and leaching of the plagioclases by thermal carbonated waters of 
relatively low temperatures. W. F. H. 


THE METEORIC STONE WHICH FELL AT ASHDON, ESSEX, ON 
MARCH 9, 1923. G. T. Prior. Mineralog. Mag., 20, (103), 131-133 (1923). 

This stone is a white hypersthene-chondrite, containing 8.26% of nickelifer- 
ous Fe, in which the ratio of Fe:Ni is 6. An analysis of the attracted portion 


showed: insol. silicate 8.05; sol. silicate 5.29; troilite 1.09; Ni 12.46; Fe(+Co) 
(Siena W. F. H. 


THE METEORIC IRON OF KAREE KLOOF, AND THE METEORIC 
STONES OF LEEUWFONTEIN AND SINAI PENINSULA. G. T. Prior. 
Mineralog. Mag., 20, (103), 134-139 (1923). 

Karere Kioor, Cape Province, S. AFRICA: This iron is a coarse octahedrite 
with a ratio of Fe : Niabout 11. Fe 90.79; Ni 8.27; Co 0.68; Cu 0.03; P 0.24; S trace; 
insol. 0.03. LEEUWFONTEIN, TRANSVAAL: Ah intermediate hypersthene chondrite 
containing 10.09% nickeliferous Fe, in which the ratio of Fe : Ni is 7. The attracted 
portion gave: Insol. silicate 8.94; sol. silicate 6.54; troilite 1.81; Ni 10.72; Fe(+Co) 
71.99, Srvat PENINSULA: An intermediate hypersthene chondrite containing 8.60 % 
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nickeliferous Fe in which the ratio of Fe:Niis 51/2. The attracted portion gave: 
Insol. silicate 6.29; sol. portion 4.29; troilite tr.; Ni 13.52; Fe(+Co) 75.90. W.F.H. 


APPALACHIAN BAUXITE DEPOSITS. Witsur A. Netson. Bull. Geol. 
Soc. Am., 34, 525-39 (1923). 

Upon boiling bentonite, formed from altered volcanic ash, with sulfuric acid, 
practically all of the AlzOs goes into solution. Treatment with tannic acid will then 
cause the Al,O; to ppt. These experiments it is claimed show “that the bentonite 
may very readily be the source of the alumina in the bauxite deposits of the Appala- 
chian region.” W. F. H. 


NEW LEAD-COPPER MINERALS FROM THE MENDIP HILLS (SOM- 
ERSET). L. J. SPENCER. With chemica] analyses by E.D. Mountain. Mineralog. 
Mag., 20, 67-92 (1923). 

More reliable chemical and partial optical and crystallographic data are given 
for the following rare minerals. MENDIPITE, 2PbO.PbCl:. Orthorhombic, a : b= 
0.8002 : 1. Grey, yellowish or pink in color; + elongation; plane of optic axes|| 
to (010) and -bisectrix | to (100). 2V is very large while the refraction, bire- 
fringence and dispersion are all high. Sp. gr. 7.240. CHLoRoxIPHITE, 2PbO.Pb(OH)s. 
CuCle. Monoclinic. 8=62 3/4°. Dull olivine green color. Strong pleochroism, 
emerald green parallel to length and yellowish-brown across blade. Sign - with high 
refraction and birefringence. 2V =80° in oil. Plane of optic axes perpendicular to 
plane of sym. with the acute negative bisectrix near the c axis. Sp. gr. 6.763, 
D1aBoLeEITE, 2Pb(OH):.CuCl. Tetragonal, a :c=1:0.95. Sky-blue color, op- 
tically—; n=1.98. Forms observed, (001), (100), (101), (307). Marked pleo- 
chroism, deep blue to almost colorless. Sp. gr. 6.412. HypRocEeRusSITE, 2PbCOs. 
Pb(OH):. Rhombohedral. a :c=1: 0.61. Good basal cleav. Sp. gr. 6.80. CreEp- 
NERITE, CuO.MnOs, monoclinic. Radiating fan-like groups or hemispherical masses 
of thin plates with black color and metallic luster. Sp. gr. 5.03. Wulfenite, pyro- 
morphite cerussite are also recorded from this locality. W. F.H. 


